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A B S T R A C T
Investigations o f  the vegetation o f the Otavi Mountainland in northern  
South  West Africa were undertaken  during the period 1970—1972. These had two 
primary objectives; firstly an evaluation o f  the  influence o f  individual environmental 
factors on  the  distribution o f  vegetation units and secondly, an assessment o f  the 
roles o f  geobotany and biogeochemistry in exploration for copper, lead and zinc 
ores in the  particular environment characteristic o f  this part o f  Africa. Regional 
reconnaissance studies were followed by  detailed field investigations involving the 
collection o f  soil and plant samples for subsequent laboratory  analysis for trace 
elements. The results o f  these investigations form the subject o f  this thesis.
The s tudy area is characterised by  a sequence o f  predom inantly  calcareous 
rocks, mainly dolomites and limestones, o f  the Nosib F orm ation  and Damara 
System, b o th  o f  Proterozoic age. The m ore resistant rocks build striking m ountain  
ranges which rise abruptly  from broad flat floored valleys which are covered w ith  
younger depositional material. The ranges carry forms o f  Open Low Savanna Wood­
land, a low tree Savanna in which the  trees are relatively closely spaced, while 
the  valleys carry a Low Tree and Shrub Savanna in which the  trees are widely 
to  closely spaced in a fairly dense grass cover.
The geobotanical investigations disclosed close distributional relationship 
between vegetation associations and lithological units. They revealed the considerable 
influence o f  calcrete and calcareous bedrock  on the  composition o f  the  vegetation 
associations. Change o f  species distribution imparting differences o f  pa tte rn  within 
vegetation associations and the  occurrence o f  possible indicator plants were dis­
covered in the  vicinities o f know n mineralised areas.
The biogeochemical investigations revealed a num ber o f  areas w ith  weak 
anomalies in the  copper, zinc and lead conten ts  o f  the  leaves and twigs o f  the 
trees and shrubs which were sampled. Some o f  these anomalies occurred over 
areas w ith  outcropping mineralised bedrock  where they  supported  and confirmed 
the  geochemical anomalies disclosed by  soil sampling. Others having occurred in 
areas with deep soil and /o r th ick  calcrete cover where geochemical values were 
either low or weekly anomalous.
Overall the results suggested th a t  biogeochemistry provides a com plem ent 
to  geochemistry, th a t  it is capable o f  detecting mineralised bedrock  beneath  cover 
o f  soil and calcrete.
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CHAPTER 1
I N T R O D U C T I O N  
AIMS OF THE STUDY AND CHOICE O F  STUDY AREA
During the p ioneer days (late 1880 to  early 1900) prospectors found o u t ­
crop mineralisation at various places within the Otavi M ountainland, in the n o r th ­
ern part o f  South  West Africa. Their discoveries led later to the development o f  
several mines, largely Tsumeb, Abenab, Berg Aukas and K om bat Mines. In recent 
years there has been renewed interest in this area. Several mining and exploration 
companies have obtained concessions in the approxim ately  1032 sq. kilometers 
(400 sq. miles) o f  cattle farming country.
Recent prospecting activities were carried o u t  on the farms in the  area 
using the conventional m ethods such as geological mapping, rock sampling, small 
am ounts  o f  ground geophysics and soil geochemistry. As part o f  the  integrated 
exploration programme, geobotanical and biogeochemical techniques were employed 
over the calcrete and thick soil covered areas, if in any event, mineralisation at 
dep th  is “ picked u p ” by the plant species. For orientational purposes, geobotanical 
and biochemical w ork was carried ou t  over ou tcrop  calcareous bedrock with 
mineralisation, in order to  assess the  roles o f geobotany and biogeochemistry in 
exploration for copper, lead and zinc. The investigations were also to  evaluate 
the influence o f  individual environmental factors on the 
distribution o f  vegetation units; to  investigate the different 
vegetation associations and the occurrence o f  possible indicator plans 
by  means o f  geobotanical studies; and to  seek the  relationship betw een  possible 
metal concentrations within the leaves and twigs o f  trees and shrubs sampled and 
the  metal concentration  within soils and bedrock.
The area chosen for this study lies between the latitudes 19° 0 0 ’ S and 
20° 0 0 ’ S and the longitudes 17° 0 0 ’ E and 18° 0 0 ’ S. The area has an elevation 
from 1,200 to  1,800 meters (4 ,000 to  6 ,000 ft) above sea-level. The area experien­
ces a semi-arid climate, with warm dry  winters and ho t  wet summers. The rainfall 
totals 500 to  600 mm (2 0 ” to  2 5 ” ) and occurs as short sharp showers. Surface 
water only occurs during the  wet season. However much subsurface water, on 
which agricultural and mining activities depend, occurs within the dolomites and 
several springs are found in the area.
The geology o f  the Otavi Mountainland comprises o f  a com plex  suite o f  
rocks o f  Proterozoic age o f  the Nosib Form ation  and o f  the Miogeosynclinical 
Outjo Facies o f  the Damara System. Associated with these Damara rocks, which 
have undergone much structural deform ation, are copper, lead and zinc sulphates, 
carbonates, oxides associated with plug pseudo-aplite bodies, vanadates o f  lead, 
zinc o f  epigenetic origin in solution cavities and lead copper sulphides o f  syngenetic 
origin within fractures.
The vegetation comprises o f  a variable m ixture o f deciduous trees and 
shrubs, and o f  perennial and annual grasses and herbs. Over high ground a Open 
Low Savanna Woodland occurs in which the trees are relatively closely spaced, 
while over low areas, a Low Tree and Shrub Savanna occurs in which the  trees 
are widely to  closely spaced in places, in a fairly dense grass cover. The distribu­
tion o f  the  individual vegetation associations is closely related to  local variation 
in climate, on the lithology (bo th  mineralised and unmineralised rocks) o f  Nosib 
Form ation  and Damara System.
The towns Otavi and G rootfonte in  are the main agricultural centres, while 
the tow n Tsumeb is famous for its mining. Tsumeb with its 9 ,920 inhabitants is 
the most im portan t mining tow n o f  South  West Africa. O f  th e  base minerals 
mined here, copper, lead and cadium are processed at a local smelter plant, while 
zinc is railed as a concentrate . G rootfonte in  with  a population  o f  4 ,913 is the 
centre o f  the maize and cattle producing area. In the vicinity o f  Berg Aukas and 
K om bat,  copper, lead, zinc and vanadium are mined. Otavi, the smallest o f  the 
three towns, serves as a junction  where b o th  road and rail divide going north  to 
Tsumeb 67 kilometers (42 miles) and north  east to  G rootfonte in  99 kilometers 
(62 miles). At Uchab, near K om bat mine, local m anufacturing o f  b u t te r  occurs.
This farm served as the  main base camp during the s tudy o f  the  Otavi M ountain­
land.
The choice o f the study area extends both  cast and west to north west 
o f  Otavi town in the Otavi M ountainland. In the area east o f  Otavi town, (know n 
as the G rootfonte in  District), a detailed study was carried out o n  the farms 
Neuwerk, Driekoppies, Eenberg and Askevold South. Here the ou tcrop  o f  bedrock 
consists o f  Nosib Abenab Contact Zone rocks which contains copper mineralisation. 
Investigations were also carried out on the farm Asis with a thick calcrete cover, 
and on K om bat Suid farm with soil cover. On b o th  Asis and K om bat Suid farms 
little mineralisation occurs. But these areas are likely targets where mineralisation
could be present under the cover, due to  the fracture patterning linking this area 
with the mineralisation o f  K om bat mine. The area studied west o f  Otavi tow n,
(the Tsumeb West District), was carried ou t in the Kudib Valley Area which in­
cludes the  farms Kudib and Goab Pforte. Investigations on these farms were car­
ried ou t  where known copper and lead mineralisation occurred on ou tcrop  dolo­
mite o f  the Tsumeb stage, as well as in the soil covered plains betw een the Kudib 
Ranges where the possible plant indicator H elichrysum  leptolepis  occur. Investigations 
were also carried ou t on the farm Hoias which has a thick calcrete cover. Here 
interest was orientated towards the  pan features and sinkhole breccias and to  pos­
sible pipe structures which may possibly be mineralised bodies such as tha t  o f  
the Tsumeb Mine,
PART 1
T H E  P H Y S I C A L  E N V I R O N M E N T
CHAPTER 2 
G E O L O G Y
a. In troduc tion
The rocks which build the Otavi Mountainland comprises o f  a complex 
suite o f  sediments o f  Precambrain age which have undergone m uch structural de­
form ation and have been injected with copper, lead and zinc sulphates, carbonates, 
vanadates, oxides and sulphide mineralisation. The stratigraphical relationships o f 
the individual geological units b o th  within the study area and the adjacent areas 
is open to  several interpretations (Smith 1962, Sohnge 1963, Martin 1965). A 
possible in terpretation o f  the stratigraphy incorporating the suggestions o f  Richter 
(R ichter 1970) on zones o f the  Tsumeb Stage, is given in Table 1. Most o f  the 
rocks o f  the s tudy  area are considered to  belong to  the Damara System, which 
covers m uch o f  northern  and central South  West Africa (Fig. 1).
The Nosib form ation  (o f  a littoral environment) was unconform ably  and 
unevenly deposited on an erosional surface cut across the granite-gneiss basement 
outcrops and is found in the east o f  the  study area. The deposition o f  the  Otavi 
Series followed. This series has been sub-divided into two cycles (Abenab and 
Tsumeb) o f  shallow marine sedimentation. The contac t betw een these two cycles 
is marked by a glacio-tillitic horizon at the base o f  the Tsumeb Stage, which 
thus rests disconformably on the rocks o f  the Abenab Stage. A disconformity 
also marks the  contac t  o f  the  lower Abenab rocks o f  the Otavi Series and the 
underlying Nosib Series. Deposition o f the  rocks o f  the Mulden Series (o f  a 
littoral environment) followed (Fig. 1). These rocks often  lie conform ably on the 
Otavi Series, although a local d isconformaty has been observed west and south 
o f  Uris Mine and the farm Wandelberg, north  o f  Otavi town.
The Mulden and Otavi Series (Sm ith  1962, Sohnge 1963, Martin 1965) 
belong to  the  Outjo Facies o f  the Damara System. Rocks o f  this Outjo Facies 
are presumed to have been laid down in a miogeosynclinal environment and they  
are d ifferent from the rocks o f the Swakop Facies (o f  a deep sea environment) 
developed in central South  West Africa, south  o f  the study area. The Swakop 
Facies is considered the eugeosynclinal Outjo Facies were developed in the Otavi
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Mountainland contem poraneously with those o f  the  eugeosynclinical Swakop Facies 
to the south. Rocks o f  the Swakop Facies do not occur in the Otavi M ountain­
land. A transition between the two facies however has been found in the vicinity 
o f  Welwitchia, west o f  the Otavi M ountainland (Richter 1970).
After the deposition o f  the rocks o f  the  Damara System, folding and 
fracturing occurred as result o f  the Damaran Orogeny. This included the injection 
o f  ore bearing pseudo-aplite plug bodies and mineralised veins in the study area.
An erosional period which extended into the  paleozoic era followed the 
orogeny, and the rocks o f  the Tsumis, Nama and Karroo Systems were laid dow n 
over vast areas in South  West Africa (Fig. 1). The Mesozoic era is marked by  the 
intrusion o f  Karroo dykes in the  vicinity o f  Otavi and Tsumeb towns. Possibly 
also m ore mineralisation occurred in scattered places. Erosion and deposition con­
tinued through the  cainozoic era. Following this, the  th ick  calcrete, calcareous 
sand and gravel deposits o f  the  Tertiary, m uch o f which is found in the study 
area, and the sand dunes o f  recent times to  the present day, were laid down.
b. Stratigraphy
Basement Complex
In the study area the  granite-gneiss o f  the Archaen Basement complex is 
exposed as part o f  a small inlier found south  o f  Tsumeb, north  west and south 
o f  G rootfonte in , and south  west o f  Otavi (Fig. 1). It is possible th a t  o ther  inliers 
are hidden beneath  the thick soil and calcrete plains abutting  from the south
against the Otavi M ountainland. No exposures have been found towards the north
west o f  the Otavi town. In the K om bat Uchab area, the Buschbrunnen Thrust Fault 
Zone, the Nosib Form ation  is underlain by  this archaen granite which protrudes 
in places th rough the  thick cover o f  soil and calcrete (Fig. 2). This is know n as 
the G roo tfon te in  Inlier (Martin 1965) and is divided into two parts by the 
G rootfonte in  Berg Aukas Syncline. Drill cores from this area exhibit a highly 
micaceous biotite  gneiss, granite and amphibolite. It has been postulated tha t  this 
granite gneiss is o f  syntectonic post-Damara age, (age 1,700 million years) and 
correlation has also been m ade to  the Ababis Form ation . Little interest was orien­
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From the type locality at Ruacana Falls, the  Nosib Form ation  is know n to 
overlie the Archaen Basement, b u t  its precise stratigraphie relationship to  the over- 
lying Damara System is imperfectly known. In the present study it is treated  as an 
early and separate formation from the Damara System on the basis o f  certain 
features o f  the local outcrops, which suggest that they formed an area o f  higher 
relief during the deposition o f  the  later Otavi Series o f  the Damara System.
In the study area the Nosib Form ation  is not exposed in the area west o f  
Otavi b u t  east o f  the town, it is exposed in a deeply dissected geoanticlinal ridge, 
and has been sub-divided into a lower and upper stage (Fig. 2 + Table 1). The 
lower stage consists o f  fine to  course grained quartzite conglomerate (including 
gneissic granite pebbles) m inor dolom ite  and calc-schist. While the Upper Stage 
comprises o f a sequence o f  green epidosite, associated pyroclastics, calc-schist, 
conglomerate, ferruginous shales and feldspathic quartzite . Owing to inadequate 
exposures a com plete stratigraphie succession has no t  been determined.
Within the study area, a discordance betw een the upper and lower stage 
has been observed on the farm Devon (Smith 1962). Within the  Otavi area, the 
Nosib Form ation  attains a thickness o f  500 meters in comparison with a maximum
thickness o f  750 meters in the type area.
Within the sequence, the epidosite constitutes an im portan t marker horizon 
which has a thickness o f  up to  150 meters (Fig. 2). It consists o f  altered basic 
lavas and tuffs o f  varying composition. Residual zones o f basalt occur within the 
epidosite or at its margin (K ockott  1970). biclusions o f  feldsparporphyry were dis­
covered during the field studies. It is possible tha t  the epidosite was deposited or 
preserved in topographical “ lows” favourable for the  form ation o f  stratiform syn­
genetic copper mineralisation during the  Nosib period o f  sedimentation (Lee 1971).
The contact between the Nosib Form ation  and the Damara System is bound 
together by gaps in the stratigraphie sequence and by faulting. Between Otavi and 
Croolfonle in  it is marked by the Nosib — Abenab contact Zone which has been 
subdivided into a lower stage consisting o f  dolomitic limestone. Rocks o f  this zone 
outcrop on the farms Neuwerk and Driekoppies on the southern side o f  the Otavi
G rootfonte in  syncline. But on the northern  side o f  the syncline the Buschbrunnen
Til rust Fault obscures the relationship.
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TH E DAMARA SYSTEM
The Damara System is represented in the study area by the Otavi and 
Mulden Series which respectively attains a m axim um  thickness o f  4 ,210 meters 
and 690 meters (Table 1).
Otavi Series
The Otavi series comprises o f a lower Abenab Stage and an upper Tsumeb 
stage. The Abenab Stage consist o f  a succession o f  carbonate rocks, and it attains 
a m axim um  thickness o f  1320 meters. It is believed to  underlie the south eastern 
part o f  the Tsumeb West area, where however, due to  the  thick cover of sand 
and calcrete there are no outcrops. In the G roo tfon te in  area good exposures have
perm itted  a threefold division in to  a lower, middle and upper sub-stages (Table 1).
The lower Abenab Substage comprises o f  dark and light, grey massive and 
laminated dolomite, with m inor limestones, shales, greywacke and grits. The grit 
layers are in term itten tly  developed at several horizons and serve as distinct marker 
horizons in the Otavi M ountainland. The laminated dolom ite  is more persistent 
than the limestone and follows directly on the Nosib Form ation  in m ost parts o f  
the area. Towards the south  east, the lower and middle Abenab Substages th in
ou t so tha t eventually only the upper Abenab Substage is in contact with the
epidosite o f  the Nosib Form ation  (Smith 1962). In certain places along the Busch­
brunnen  Thrust Fault Zone, a massive dark algal dolom ite and a horizon containing 
fragments o f  light dolom ite together attaining a total thickness o f  250 meters, have 
been found (Richter, 1970).
The middle Abenab Substage comprises o f  a massive light grey algal dolo­
mite which wedges out from the Buschbrunnen Thrust Fault Zone in the east to 
just beyond Asis farm, in the west.
The Upper A benab Stage comprises o f bedded and less com m only massive 
medium grey to light dolomite, which weathers to a dark brown colour at surface, 
schist, limestone and shale. Algal growths within the dolom ite serve as marker units 
(Smith 1962). Outcrops are generally poor b u t  the substage is believed to  underlie 
the area between the Buschbrunnen Thrust Fault Zone and the Otavi Spitze Range 
bordering the Otavi Valley (Fig. 2). The upper Abenab Substage obtains a thickness 
approxim ately 3 0 0 —500 meters.
The Tsumeb stage comprises o f  three substages, lower, middle and upper, 
which in the type locality at Tsumeb Mine and the area west o f  Otavi town, have
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been subdivided into a total o f  eight zones (R ichter 1970). (Table 1 and Fig. 3).
In the Otavi, Kom bat and G rootfonte in  area however only the lowermost zones 
1 and 2 are represented (Fig. 2).
A tillite, resting conform ably on the Abenab Stage, marks the base o f  the 
Tsumeb Stage in the study area. Above this the succession comprises o f  shales, 
limestones and dolomites. The area north  o f  Otavi is almost entirely underlain by 
rocks o f  the Tsumeb Substage (Fig. 3 + Table 1).
The lower Tsumeb Substage contains a tilloid with boulders o f  granite 
gneiss, quartzite , syenite porpliry and algal limestones up to  70 cms. in diameter 
at its base. Intercalations o f  reddish, brown iron rich shales are com m on, while 
greenish shales containing small quartz  pebbles and a few erratics occur on the 
farm Blyerust. No estimation o f  the m axim um  thickness o f  the zone 1 is possible 
in the Tsumeb West area. The succeeding zone 2 rocks comprises o f  light and red 
coloured massive limestone and thinly bedded dolomites together with pink and 
green phyllites in the western part o f  the study area and light reddish calcareous 
breccias with angular fragments up to  2 0  cm. in d iam eter in the eastern part o f  
the study area. The m axim um  thickness o f  the zone 2 is 250 meters (Fig. 2 + 3). 
Dark shaly bedded and brecciated dolomites characterise the zone 3. At the bo tto m  
of this zone, grey bedded  dolom ite and dolom itic shales and breccias (zone 3a) 
are distinguished from an upper light thinly bedded  brecciated dolom ite  and dolo­
mitic shales (zone 3b). On Usib Farm there are 5 —8 massive breccia in te rc a la t io n s  
o f  2 —15 cm. in thickness o f  zone 3a. While on Blyerust and Ringenstein the zone 
3b becomes very shaly. A m axim um  thickness o f  200 meters has been encountered 
for the complete zone 3 (Fig. 3).
The lowest horizon, o f  zone 4, o f  the Middle Tsumeb Substage comprises 
o f  light grey massive dolomites. On Kudib, Usib and Goab Pforte  farms, three 
subzones are encountered. At the b o t to m  o f  zone 4, light grey massive dolom ite 
which is unsilicified and occasionally brecciated occurs (zone 4a). The succeeding 
zone 4b comprises o f  highly silicified light grey massive dolom ite  with a thickness 
o f  5 0 —80 meters, partially bedded and brecciated. At the top, zone 4c comprises 
o f  light massive grey dolomite, sandy at base and sometimes finely brecciated. The 
total thickness o f  the zone 4 is 900 meters in the  area west o f  Otavi town.
Above this, zone 5 consists o f  light, grey massive dolom ite with quartzitic 
lenses and bedded dolomites. O utcrops occur on the  farms Tam buti,  Ringenstein 
and Kudib. The m axim um  thickness o f  this zone is 200 meters.
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The lowest part o f  zone 6 , o f  the Upper Tsum eb Substage comprises o f  
thickly bedded dolom ite  with chert layers. On the farm Russord, the chert layers 
predominate  where locally oolites are abundant.  On the farm Success, in the west­
ern part o f  the Tsumeb West study area, the zone has been subdivided into a 
thinly bedded light grey dolom ite with abundan t chert layers (zone 6 a) and a thick 
bedded grey dolom ite with two or three solicified layers (zone 6 b).
The succeeding zone 7 comprises o f  dark bedded dolomites with stromatolites 
and dark shaly intercalations. In the northern  part o f  Hayas farm, the upper part 
o f  this zone is chert y . While on the adjacent farm, Salem, it consists o f  dark sandy 
layered dolimite. This zone has a m axim um  thickness o f  390 meters.
The top  zone 8 , comprises o f  light grey bedded dolomites. In the  east, 
it contains some chert layers and oolites. The m axim um  thickness o f  this zone is 
100  meters.
In the Otavi—K o m b a t—G rootfon te in  area where only the zones 1 and 2 
o f  the Tsumeb stage are represented, the rocks emphasize a succession o f  some 
100 meters o f  calciomarine deposits (Fig. 2). Shale, limestones and tillite a t the 
b o t to m  are succeeded upwards by dolomite, shale, marble and calc schist (Smith 
1962). There is a m inor unconform ity  between the dolom ite and tillite. The 
Askevold Range o f  hills is built up o f  zone 1, a quartz ite  overlying tillite, over- 
lain by massive dolom ite with an oolitic chert band.
Mulden Series
Rocks o f  the Mulden series lie conform ably on the Tsumeb Stage dolom ite  
and occupy the cores o f  several closed synclines. In the  Tsumeb West area, the 
Mulden rocks are com m only blanketed by considerable thickness o f  sand and cal­
crete. A good exposure o f  light grey, brown, hard, well sorted, layered sandstone 
occurs on the northern  part o f  the  farm Wandelberg. Elsewhere outcrops are rare, 
bu t  rocks o f  the series are believed to underlie the calcrete on the farms Palmen- 
hof and I lay as. Boreholes drilled near Tsumeb mine have disclosed 690 Jiieters o f  
Mulden Series rocks. This series occurs on the farms Aden and Ebenezer south 
and south east o f  Tsumeb town bu t  is absent from the Otavi—K o m b at—G roo t­
fontein area.
Intrusives and mineralisation
The rocks o f  the Damara System have been intruded by  dykes and irregular 
plugs o f  a later age. On the farm Tam buti  and Ringenstein west o f  Otavi town.
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a major diabasic dyke o f probable Karroo age has been intruded along a set o f  
fractures cutting across the rocks o f  the Tsumeb Stage (Fig. 3).
Most im portan t are the irregular plugs and associated dykelets o f  pseudo- 
aplite with which the lead, zinc and copper ore bodies at Tsumeb, K om bat and 
Abenab Mines are associated. No o ther intrusions o f  this nature have been found 
in the Tsumeb west area or in the Otavi—G rootfonte in  areas.
Recent cover
Much o f  the s tudy area is covered by calcrete and recent sands. While in 
the lower lying valleys, notably  in the Otavi—G rootfonte in  area, there are variable 
thicknesses o f dark brown loams and black clays which mask the bedrock.
c. S tructure
In the Otavi Mountainland, the Damaran Orogeny has gently folded and 
intensely fractured the rocks o f  the miogeosynclinal Outjo Facies, which occupy 
the whole o f  the study area. Locally, in the Otavi M ountainland, small plug, pipe­
like bodies o f  mineralised pseudo-aplite have penetrated the  rocks o f the Outjo 
Facies and these bodies are associated with fractures from the  Damaran Orogeny.
The miogeosynclinical Outjo Facies, continues westwards from the Otavi 
M ountainland study area to  form part o f  the eastern Kaokoveld. Northwards it is 
represented by the Bembe System in the Chella Platteau o f  Angola. While sou th ­
wards, beyond the s tudy area, it grades into the eugeosynclinal Swakop Facies, 
which is restricted to the coatal part o f  the Kaokoveld. T he miogeosynclinal and 
eugeosynclinal belts swing inland in a broad arc, while running parrallel along the 
coast. The main miogeosynclinal belt, forms the east west, striking Otavi Ranges 
o f  the Otavi Mountainland.
In the Otavi Mountainland, the area west and northwest o f  Otavi tow n, is 
gently folded in a series o f  synclines and anticlines. The fold axes o f  which 
generally trend east west, as a response to a north  south directed compressional 
force. The folds are symmetrical with no overturning o f  the  strata. Three major 
synclinal basins, filled with Mulden rocks occur, and have been named the 
Ottlau Mulden Through, the Vogelberg Through and the Salem Mulden Through 
(Ferreira 1970). Major transverse synclines and anticlines resulted in the closure o f  
these east west trending throughs. One such less extensive transverse synclinal fold 
strikes N 45 E through the farms H uttenhof,  Naomi and Kudib, west o f  Otavi 
tow n. One o f  these is located along the northern  foot o f  the Kudib Range on
15
Goab Pforte and Maroela farms. Here interpretation is difficult because o f  soil 
and calcrete cover (Fig. 3) (R ichter 1970).
In tile area west and north  o f  Otavi town there are three major directions
of fractures. Along these mineralisation occurs in two directions which are mainly, 
NE — SW and NW — SE conjugated at 4 5 ° ,  and are a response to  the north  
south  application o f  stress. The third fracture strikes roughly NS and could be re­
lated to the anticlinal ridges in the basement rocks beneath  the Damara rocks 
(Fig. 2 + 3). On Mopanie, Soavis West and Ongeama farms in the vicinity o f  
Hoias fann, num erous faults trending N 30° E are associated with large anticlinal 
structures within the dolomitic rock o f  the middle Tsumeb Stage. It is conceivable
that mineralisation such as the ore-bearing Tsumeb pipe is related to  the crossing
of east trending folds by deep seated fissures conforming to  a regional north  east 
lineament (R ichter 1970).
East o f  Otavi town, in the area South o f  the Otavi Spitze Range, a com ­
pressional force from the south caused the prevalent northward overfolding o f the 
strata and was responsible for the thrust faulting o f  the Nosib Form ation  over the 
Abenab Stage in the east. This major fault is known as the Buschbrunnen Thrust 
Fault, and has been m apped along a strike length o f  25 kilometers (15 miles) 
and a width o f up to 100—300 meters (320 feet). It contains steeply to  vertical­
ly dipping rock o f  the upper and middle Abenab Substages. Numerous NE — SW, 
NNE — SSW, NNW — SSE trending faults occur througliout the area east o f  
Otavi town (Fig. 2). It is conceivable that  m uch o f the mineralisation in the Otavi— 
G rootfonte in  area is controlled by these faults. The irregularly shaped bodies o f 
pseudo-aplite, which contain ore deposits at K om bat mine are associated with these 
NE — SW, NW — SE faults which have been discovered by subsurface investigations. 
In the vicinity o f  Asis and Bergweide farms dragfolds and crossfolds occur.
Within the Otavi Mountainland the degree of m etam orphism  resulting from 
the Damaran Orogeny increases gradually from north to south. This is displayed 
on the Hartbeespoort Range southwards by feebly m etam orphosed sericite, phyllite 
grading to  sericite shist, rocks o f  the Damara System. This is followed by the 
rocks o f the O kum ukan ti  Range beyond and further south  o f the study area, 
and the grading to  the strongly m etam orphosed greenschist o f  the Swakop Facies. 
Overall the dolomites o f the Damara System, O utjo Facies have largely escaped 
the regional m etam orphism , bu t local contac t m etam orphism  is apparent, especially 
at the intrusions o f  dykes. Such as the diabasic dyke on the famis Blyerust and
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Ringenstein. Along its edges the dolom ite  is transformed to marble and white in 
appearance.
d. Depositional History
The Nosib F onna tion  rocks were laid down unevenly on an erosional 
surface o f Archaen rocks, in a near-shore environment with a local discordance 
between the lower and upper substages. Volcanic activity in the form of a basic 
lava, towards the top o f  the sequence in this miogeosynclinal environment indi­
cates instability o f  the area (Martin 1965). With a gradual, sliglit uneven sinking 
of these Nosib sediments, the miogeosynclinal rocks o f  the Damara System, Outjo 
Facies were deposited. The present outcrop areas of the Nosib Form ation  were 
therefore presumably terrains of higher relief during the deposition o f  the Otavi 
Series. A glacial deposit (tillite) in the base o f the lower Tsumeb Stage m arks a 
climatic change, after the relatively steady shallow marine deposits o f  the pre- 
ceeding Abenab Stage. The glacial debris haphazardly distributed within stratified 
rocks gives the impression that icebergs dropped their lead while drifting so as 
to yield sporadic accumulations o f  bulky tillite (Smith 1962). The rest o f  the 
sediments o f  the Tsumeb Stage were deposited in a m ore  fluctuating environment. 
The sediments of the Mulden Series, which are indicative o f  m ore shallow water 
deposits, were then laid down in the area north  and north  west o f  Otavi town. 
These sediments were deposited in a group o f  elongated basins, with an overlap­
ping sequence in time and place of topset, foreset and bo ttom se t  facies. While in
the vicinity o f  the Okum ukanti Range, south  o f the s tudy area, deeper water 
deposits occur known as the eugeosynclinal Swakop Facies.
The traditional correlation o f  the Damara System o f  South  West Africa, 
the Lomagundi System in Rhodesia and the groupe du katanga in the Congo 
(Zaire), is still a m atte r  o f  speculation (Sohnge 1963).
A period o f upheaval occurred after the main deposition o f the Damara 
rocks and is referred to as the Damaran Orogeny. The regional s tructure o f the 
area indicates that the deformation o f  the rocks resulted from a compressional 
force which was active at various intervals, bu t  always operated from the south 
to the north. This resulted in the formation o f major synclines and anti-clines 
with the closure o f  these east west trending folds, north  west o f  Otavi town. 
These folds being symmetrical and there is no  overturning o f strata. However
intense fracturing o f the strata occurred.
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During this Damaran Orogeny in the area south  o f  Otavi Spitze Ranges, 
overturning o f  the rocks occurred to the north , together with th rust faulting, 
drag and cross folds which appear to be the result o f  the southern  compressional 
force. It is postulated that  the Damaran Orogeny is 6 5 0 —500 million years o f  
age (Cambrian), while the bulk o f  sediments are o f  pre-Cambrian age. It is in­
ferred tha t  the fault m ovem ent at the peak o f  the orogeny initiated the upwards 
injection o f  aplite pregmatitic magma into the rocks o f  the Damara System. At 
Tsumeb, Abenab and K om bat Mines and vicinity, the advancing plugs well charged 
with volatiles penetrated  in the thick sedimentary beds, resulted in the consoli­
dation o f  a hybrid intrusion, the pseudo-aplite plug bodies and associated veins 
(Sohnge 1963). However the pseudo-aplite bodies may be connected  with the 
much younger, o f  late Karroo age, plug and ring intrusions o f  alkali rocks in 
northern  South West Africa and South Africa. The calcitic alteration at Tsumeb 
and K om bat mines, may be related to the carbonatites cogenetic with alkali • 
intrusions. In any event the pseudo-aplite mineralised ore-bearing plugs, are related 
to the crossing o f  east trending folds by deep seated fissues conforming to  a 
regional north  east lineament.
A fter the orogeny, a quiscent and erosional period followed, extending 
in to  the Palaeozoic era. Towards the end o f  the Palaeozoic, a period o f  activity 
is marked by the intrusion o f  the Salem Granite in the area south  west o f  the 
Otavi Mountainland. It  is no t know n w hether additional fracturing and remobili­
sation o f  the basement granite-gneiss in the Otavi M ountainland area is related 
to this period.
Tile Mesozoic era is marked by tiie intrusion o f  dykes, o f  the S tonnberg 
Volcanics o f  the  Karroo System. Diabasic and dolerite dykes occur in the vicinity 
of the Otavi and Tsumeb towns and are related to the fracture patterns o f  the 
area.
During the Cainzoic era the thick terrestrial deposits o f  the Kalahari Sands 
o f the Tertiary, were laid down, especially to the north  east o f  South West 
Africa beyond the Otavi M ountainland. Tertiary and Recent deposits within the 
Otavi Mountainland include the major thick Calcrete formations, sand and gravel 
cover, together with the residual and transported soil deposits.
e. Economic geology
Within the Otavi M ountainland, the rocks o f  the Damara System contain 
the m ost im portan t economic minerals. These minerals are formed by different
1types o f mineralisation processes and occur mainly within the dolomites o f  the 
Otavi Series, such as in the Abenab dolom ite and A b en ab -T su m eb  contact rocks, 
and the N o s ib -A b cn ab  contac t rocks. Less mineralisation is associated with the 
Nosib Form ation  and there is no evidence o f  mineralisation within the Basement- 
Gran i te Gneiss. The various minerals found and their related horizons are given 
in Table 2 while the location o f  mines and prospects o f  the Otavi M ountainland 
are shown in Fig. 4.
One type o f  mineralisation is th a t  o f  the economically im portan t lead, zinc 
and copper deposits o f  the Tsumeb and K om bat mines, associated with the plug 
pseudo-aplite bodies. At Tsumeb Mine the large ore-body is associated with a 
steq] pipe-like body o f  brecciated dolomite surrounded at deeper levels by cylin­
drical fractures and intruded by a plug o f  pseudo-aplite. The dolomites belong to  
the zones 5 to 7 o f  the Tsumeb Stage (Sohnge 1963) and the ore body is asso­
ciated with fractures confonning  to a regional north  east lineament. The hypogene 
minerals a t Tsumeb Mine are mainly galena PbS, sphalerite ZnS, tennantite  CuFeS, 
germanite GeS^CugFe and enargite 3 CU2 S5 AS2 as a m inor erratic constituent. The 
supergene minerals are cuprite CU2 O, Plattnerite Pb0 2 , Minium PbgO^, Azurite 
2CuCogCu(O H )2 , Malachite CUCO3 , Cu(0 H )2 , Aragonite CaCog, Cerussite PbCog, 
Siderite FeCog, Smithsonite ZnCog, Otavite CdCog, Phosgenite (PbCl)2 Cog, Barytes 
BaSo^, Bronchantite  CuSoq.3 Cu(OH)2 , Anglesite PbSO^, Wulfenite PbMoO^, 
Chalcanthite CUSO4 .5 H 2 O, Adamite ZnAsgS4 0 gZn(0 H)2 , Descliozite 
(PbZn)2 V 2 PbZn(O H )2 , Tsumebite PbCuPO^, Vanadinite (PbCl)Pb4 (V0 4 )g and 
Chrysocolla CuSi0 3 2 H 2 0 , to mention b u t  a few. Tsumeb Mine is noted for its 
high grade lead and relatively rich copper ores and it is famous for the rare 
minerals.
The ore at K om bat Mine is similar to the Tsumeb deposit, bu t  the ore 
bodies arc m ore irregular in shape, and as yet the reserves arc smaller than those 
o f the I'sumcb Mine.
The second type o f mineralisation comprises o f  economically im portan t 
vanadium, zinc and lead deposits in the neighbourhood o f  the town Grootfonte in . 
These ore deposits consist o f  vanadates o f  lead and zinc and more rarely o f  cop­
per, contained in solution cavities and breccias o f  variable sizes in the dolomites 
(Martin 1965). T he minerals are secondary, such as descloizite, vanadinite, smith­
sonite with some galena and sphalerite. These deposits are mined at Abenab, north  
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Mine west o f  K om bat and at Bobos near Tsumeb town (Fig. 4). These deposits 
have been formed in -p o l t -cq m b r ian  times (Martin 1965) and may be of epige­
netic or mixed origin. The oval shaped sinkhole features with breccias could pos­
sibly be areas for such mineralisation in the area north  west of Otavi town.
A third type o f mineralisation occurs at widely separated localities and 
consist o f  sporadic economically insignificant deposits o f  either galena or copper 
sulphates in the dolomites. These are associated with features. They are considered 
to be o f  syngenetic origin. The deposits o f  Uris and Karavatu are o f  this type 
(Fig. 4). These deposits are associated with nortii east — south  west trending 
fractures and located near the margins o f the Mulden troughs. The sporadic mine­
ralisation at Kudib and Finsterbergen, west o f  Otavi town, is also o f this type. 
Much o f  the weak mineralisation in the Otavi—G rootfontein  area is controlled by 
the NE — SW and NNE — SSW and NNW — SSE trending fractures. The minerals 
malachite, chalcolite and dioptase CuO.Si0 2 H 2 0  occur in the faulted fractured 
Abenab dolomites.
Sporadic copper mineralisation occurs at many places in the sediments of 
the Nosib Form ation, such as on Askevold South farm (Fig. 4). At some places 
the copper minerals are disseminated in the sediments while at o ther places they 
occur in small quartz  veins and fractures. The copper mineralisation in the epi-
dosite on Askevold South farm is probably o f syngenetic origin.
The northern  Nosib Abenab Contact Zone is virtually unmineralised but 
weak mineralisation occurs in the Neuwerk fann area. In the southern Nosib 
Abenab C ontact Zone sporadic copper mineralisation occurs in the chloritic dolo­
mite schist on Neuwerk and Driekoppies farms (Fig. 4). Also in this zone, on the
farm Neuwerk, a narrow vein containing barite has been found.
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CHAPTER 3
C L I M A T E
The Savanna vegetation o f the Otavi M ountainland, experiences a semi-arid 
climate with warm dry winters and ho t  rainy summers. The main climatic factors 
affecting this vegetation are temperatures and rainfall.
Tem peratures are influenced by the fact that  the area lies at an altitude 
o f  1200—1800 meters (4 0 0 0 —6000 ft) above sea-level, and between the latitudes 
19® OO’s and 20® OO’s. T he warmest period occurs between O ctober and January, 
while the coldest m onths  are June and July. In sum m er the daily maximum tem ­
peratures are 30®—35®C, while minimum temperatures are 14®—20®C and 5®—8 ®C. 
Frost is extremely rare, occurring on the average, one day m the year, in the low 
lying parts where cold air accumulates at night. Table 3 lists the average maximum 
and m inim um  tem peratures occurring over a 5 year period (1 9 5 8 —1962) taken at 
Tsumeb, Otavi, G rootfonte in  meterological stations.
Tem peratures generally tend to be slightly cooler at Otavi than at Tsumeb
and G rootfonte in . The geographical positions, as well as the changes in temperatures
arising from changes in altitude have contribu ted  partly to the nature and distri­
bu tion  o f  the p lant associations. Such as the Terminalia prunioides, K irkia acuminata, 
C roton gratissinms Association which is found on the ranges east o f  Otavi town 
and does not occur within the valleys. How the changes in tem perature have af­
fected the physiology o f  the plants o f  the various associations has not been stu­
died. It is assumed that the m ost active period o f  plant growth, and metal up­
take by the plants, occurs during the increase o f  temperatures during the hot 
summers.
The rainfall o f  the study area, totals 5 0 0 - 6 0 0  mm (2 0 —2 4 ” ) per annum 
and occurs during the summer m onths from O ctober to April. During the rest o f
the year very little or no rain occurs (Table 4).
The am ount o f  rain received is greater than that in o ther parts o f  South
West Africa (I'ig. 5). The rains are very localised, occurring in short, sharp showers 
accompanied by thunder and liglitning. Within the study area, the Tsumeb area 
receives more rain than the O tav i-G ro o tfo n te in  area (Table 4). Evaporation gene­
rally exceeds precipitation, between March and September m onths , when strong 
south easterly winds prevail. The atmosphere is then exceedingly dry and dessi- 
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Local variations in rainfall contribute largely to the nature and distribution
of the plant associations. More im portant is the resulting availability o f  the rain
water within the soil. F or example the Terminalia prunioides, Terminalia sericea, 
C om bretiun apiculatum  Association is found on well drained sandy soils on Kudib 
farm, west o f  Otavi. Whereas the Acacia karroo, C om bretum  imberbe, R h u s  lancea 
Association occurs east o f  Otavi in the area with large underground water supply 
and less well drained soils. Active plant growth, greater metal uptake and inter­
actions with soil occur more readily during increase o f  water supply, especially
during the rainy sum m er season.
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CHAPTER 4
P H Y S I O G R A P H Y
The Otavi Mountainland, formed o f Damara dolomitic rocks, comprises of 
a series o f  east west trending ranges, enclosing broad valleys (Fig. 6 ). From these 
highlands, the generally even surface o f  the Damara plain extends southwards to 
the Windhoek area. The resistant Damaran dolomites and quartzites, form the ranges 
which extend north  west o f  Otavi to west o f  Grootfontein and to Tsumeb in 
the north. These are referred to as the Kudib Range, Otavi Spitz Range, Askevold 
Range, the Hartbeespoort Range, and the Okumukanti Range to the south of 
the study area (Fig. 6 ). These ranges rise steeply some 6 0 - 2 4 0  meters (2 0 0 -8 0 0  ft)
above the flanking valleys which have an average elevation of 1 2 0 0 -1 8 0 0  meters
(4 0 0 0 —6000 ft) above sea-level. The highest peak occurs west o f  Kom bat Mine in 
the rugged hills o f  the Otavi Spitz Range and is known as Nagaib which has an 
altitude o f 2100 meters (7000 ft). A few isolated hills o f  dolomite and quartzite
occur south o f  Kombat Mine.
Generally high relief characterises the Otavi Mountainland, where the dolo­
mitic ranges are abruptly flanked by the valleys. Weatherable shales, schists and 
unsilicificd limestones occur in some areas, on the lower slopes, and result in the 
ranges gradually merging into the valleys o f the Damara plain.
The Damara plain, in which the town of Otavi and Grootfontein are located 
comprises a broad belt which includes the valleys between the ranges, and the ad­
jacent plains to the south o f the Hartbeespoort, and Okumukanti ranges, to south 
o f  the Kudib Range, and west o f  Otavi. The rocks forming these broad level 
valleys and adjoining plain are grits, shales, schists and unsilicificd dolomites, which 
are covered locally by calcrete and an overburden of residual and transported soils 
o f  various thickness.
The Otavi mountains serve as the main catchment area for the summer rains 
which feed a few youthful streams within the ranges. In the vicinity of G rootfon­
tein town the Omuramba, which occupies a mature valley cutting into the Damara 
plain, is a tributary o f  the Okavango River. All streams in the area and the 
Omuramba river are o f  ephemeral nature flowing only for brief periods during the 
summer time. All have a sub-surface flow, in a southernly direction. Within the 
Askevold and Hartbeespoort Ranges, poorts or neks in the range mark the position 
where incision by superimposed drainage has taken place in the fault zones, in a 
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Karstic features are characterised where the Damara plain is underlain by 
the dolom ite rocks. Here surface water is absent most of the year, but the occur­
rence o f  springs, underground caverns and large sinkholes are common features. 
Various springs occur such as the Rietfontein Spring on Rietfontein farm associated 
with the Buschbrunnen Thrust Fault. This spring is probably connected with the 
underground surplus water supply at the Kombat Mine.
The sinkhole features formed by the collapse o f roof structures o f  solution 
cavities within the dolomite, are found in the area north  west o f  Otavi town. These 
approximately circular features vary in sizes from very small incipient forms to 
major features, such as the 120 meter deep Otjikoto lake and the 100 meter 
deep Guinas Lake which are situated a few kilometers north west and south 
west respectively at Tsumeb town -(F ig / 6 ). A few sinkholes are also found on the 
farm Hoias in the vicinity of the well known tourist attracting Guinas Lake. East 
o f  Otavi town only very few, and much smaller features are known. These features 
are often  hidden beneath the soil cover forming slight depression in the level plain 
and are com m only filled with breccia.
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CHAPTER 5
O V E R B U R D E N  A N D  S O I L S
Overburden o f  talus, breccias, alluvium, calcrete and soils o f  various thick­
ness, cover a large part of the Damara plain and slopes o f the ranges o f  the 
Otavi Mountainland.
Colluvial overburden in the form of rock debris, talus and scree occur 
throughout the ranges, and especially at prospecting excavations in the Otavi Spitz, 
Askevold and Hartbeespoort Ranges (Fig. 7a). Small alluvial deposits of sand and 
gravel occur scattered along the Omuramba River course, in the vicinity o f  Groot­
fontein. Gravel deposists are also found in the level plain in the vicinity of 
Hoias and Salem farms.
Sinkhole breccias form part o f  local overburden developed over dolomites 
in the area north  west o f  Otavi town, such as at the Guinas Lake sinkhole. This 
breccia is composed o f  angular to subangular grit, pebbles and boulders (up to 
50 cm in diameter) o f  surrounding rock set in porous calcareous, pink to light 
brown clay. This breccia is similar to the calcareous gravels developed elsewhere 
west o f  Hoias. In the west, these gravels contain more rounded pebbles. Several 
o f  the small depressions or sinkholes are commonly filled with calcrete or clay 
cemented angular breccia especially around their periphery (Richter 1970.
Ferreira 1970).
Local bu t  large areas of calcrete overburden of various thickness are de­
veloped over the dolomites and calcareous rocks north west, south and cast o f  
Otavi town (Fig. 7a + 7b). The depth o f the calcrete generally varies from a few 
centimeters (inches) up to  30 meters (100 ft), and a maximum thickness of 
57 meters (170 ft) has been found on Hoias farm. The calcrete encountered 
varies from the powdery to the hard compact form (Nettcrberg 1966). The 
powdery calcrete whicii is fine, loose grained while to light grey, occurs to the 
cast o f  Kom bat Mine, over the dolomites o f  the Lower Tsumeb and the Abenab 
Stages. The Nodular, Concretional and Hardpan calcrete consists of calcareous 
and siliceous concentrations in a loose calcareaous soil matrix and occurs over 
Tsumeb and Abenab rocks. In some cases the nodular concretions coalesce to 
form a hard continuous layer near the surface and in depth, as on Driekoppies 
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calcrctc included in a usually red sandy non-calcareous soil matrix as found in 
the vicinity o f  Grootfontein  town.
Calcrete formation is a feature resulting from the high evaporation and low 
precipitation within the area. The accumulations are caused by a process in which 
calcium carbonate accumulates by precipitation in the soil as result o f  the eva­
poration o f  ground water solutions in the capillary fringe, immediately above the 
water-table. A slowly falling water-table will result in calcrete attaining considerable 
thickness (Hawkes and Webb 1965). By this process calcrete has cemented breccias 
and gravels, and includes surrounding country rocks, such as epidosite which con­
tains malachite staining as found on Driekoppies farm. The age o f  formation o f  the 
various forms o f  calcrete is not known. A specimen taken from Ondongua 
(Ovamboland) in the Damaran plain north west o f  Tsumeb town and beyond the 
study area, has an age o f  36000 years (Netterberg 1966). A nother specimen from 
the area north  east o f  Grootfontein has been dated 2 2 0 0 0 -1 2 0 0 0  years.
The soils o f  the Otavi Mountainland are o f  varying depth and are developed 
over bo th  overburden and bedrock. These consist of Grey-Brown and Reddish- 
Brown Soils, typical o f  Arid and Semi-Arid regions of South Africa. In the study 
area this group is subdivided into several residual soil types with a few catenary 
variations (Fig. 7a).
The Brown Sand Type, includes a catenary sequence from skeletal soils to 
Red Brown and Dark Brown Sand. The Skeletal soils (Fig. 7a + 7b) are developed 
on the rugged dolomitic ranges and form only a very thin cover o f  several senti- 
meters. These are dark brownish in colour, medium grained, sandy and contain 
little organic material. The Red Brown Sands (Fig. 7a + 7b) are developed on 
low lying dolomite limestones, chertified dolomites and are a gradation from the 
skeletal soils. These tend to be up to 25 centimeters in depth with a medium to 
fine grained sandy texture. The Dark Brown and Light Brown Sand (Fig. 7a + 7b) 
are developed over dolomites and quartzites within the Damara plain such as the 
Kudib valley. These have a medium to fine grained sandy texture and have depths
up to 50 centimeters.
The Red Brown Loam Type includes a catenary sequence o f Red and 
Brown loam over the Abenab Nosib calcareous rocks especially to the east of 
Otavi town (Fig. 7a). The Red Loams (Fig. 7a) occur commonly in the valleys 
between the ranges and forms a thick cover up to one meter in depth. The 
Brown Loams (Fig. 7a) are not as widespread as the red loams and are developed
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over brown dolomites. They vary from a very dark to light brown colour and 
have depths up to 50 centimeters.
The third soil type is the Yellow Brown Loam which is developed over 
Nosib epidosites in the valleys between Askevold and Hartbeespoort Ranges 
(Fig. 7a). It forms a thick cover and has depths up to 50 centimeters and is 
especially noticeable in small local pan like depressions in the valley.
The Grey Loam soil type is developed over large calcrete areas east and 
north  west o f  Otavi town and has a light to dark grey colour (Fig. 7a). These 
grey loams vary in thickness and have a depth up to 15 centimeters. These are 
often indistinguishable from the powdery calcrete which is found east of Kombat 
Mine.
The Dark Grey Clay soil type is developed in local areas over Tsumeb, 
Abenab and Nosib rocks as well as over calcrete overburden east and north west 
o f  Otavi town (Fig. 7a). These clays attain a thickness o f  several centimeters and 
vary from a dark  grey to a black colour.
Thick cover (up to a meter) o f  Transported soils occur in local areas in 
the Otavi Mountainland. These occur as Brown Sands in parts o f  the valley within 
the Kudib Range north  west o f  Otavi town, where they overlie the dolomite. The 
relatively thin cover (of  several centimeters) o f  Brown loam on Kombat Suid, east 
o f  Otavi town, is possibly transported soil deposited by a sheet wash from a nor­
therly direction.
In the study area, the availability o f  metal concentrations within the soil, 
are related to the soil type. A higher concentration is to be expected in areas 
with ou tcrop  mineralisation where the soil cover is minimal. Here, due to weathering 
and presence o f water, the metals become readily available in solution for the up­
take by the plants. In sandy soils, metal concentrations are readily transported in 
solution by good sub-surface drainage and result in diffuse geochemical patterns.
In loamy and clay soils metal concentrations are retained by the soil particles and 
result in distinct geochemical patterns. Here the metals are readily available to the 
plants. Calcrete retains the metal concentrations and these are less available to the 
plants. Calcrete appears to have a slight inhibiting effect on the metal uptake by 




V E G E T A T I O N
Introduction
A Savanna vegetation covers most o f  the northern part of South West 
Africa which receives on average an annual rainfall o f  5 0 0 -6 0 0  mm ( 2 0 - 2 4 ” ).
This includes the Otavi Mountainland where an Open Low Savanna Woodland 
occurs on all the ranges, and a Low Tree and Shrub Savanna occupies the Damara 
plain and the valleys between the ranges.
The distribution o f these major units is influenced by several factors such 
as type o f  soil, calcrete and bedrock, the local rainfall and temperatures. The 
Open Low Savanna Woodland characterised by relatively broad leaved tress, occurs 
on the dolomites and calcareous bedrock on the foothills and higher slopes of 
the ranges, bo th  east and north  west o f  Otavi town. The distribution o f this vege­
tation unit is influenced by somewhat lower temperatures at higher altitudes and 
by the availability o f  water within the dolomites. The Low Tree and Shrub 
Savanna which is characterised by  thorny Acacia species, occur over areas with 
thick soil cover, calcrete and near surface calcareous bedrock in the level plain 
east and north  west o f  Otavi town. Within these two major vegetation units, 
several distinct vegetation associations occur as result o f  differences in the soil 
and moisture conditions and different types o f  bedrock.
A. Open Low Savanna Woodland
The Open Low Savanna Woodland vegetation of the Otavi Mountainland 
may be related with Geiss’s category o f Mountain Savanna (Geiss 1971). It occurs 
on the Kudib, Otavi Spitze, Askevold, Hartbeespoort and Okumukanti Ranges and 
where four dislinclivc associations can be recognised (Mg. 8 ).
(a) The first o f  these, is the Terminalia prunioides, Kirkia acuminata. 
Com m iphora pyracanthoides  Association. This association occupies the rocky slopes 
underlain by the Tsumeb Stage dolomites on the Kudib Range where temperatures 
are cooler, and where moisture content depends on availability within the dolomitic 
bedrock outcrop . The dominant tree species Terminalia prunioides, Kirkia 
acum inata  and Commiphora pyracanthoides which attain heights up to 4 —6 meters 































































































































Croton gratissimus, D om beya rotundifolia. Fockea multiflora  and Moringa ovalifolia. 
The herbaceous species found are mainly Blepliaris spp., Barleria spp^, and Ocimum  
caniim. A mixed grassland contains Aristida spp., Eragrostis spp., Enncapogon spp., 
and A nthephora  pubescens.
(b) A second association is characterised by the Terminalia prunioides,
T. sericea and C om bretum  apiculatum  Association. This covers the foothills and 
lower slopes o f  the dolomite areas in the Kudib valley west o f Otavi. These spe­
cies are characteristic for this well drained sandy area and attain heights of 1.5 
meters (5 ft.). Within this association a few trees and shrubs of Boscia alhitrunca, 
C olophosperm um  mopane, D ichrostachys cinerea, Kirkia acuminata and Scelerocarya 
caffra occur with heights up to 6 meters (12 ft). A mixed grass community o f 
A ristida spp. and Eragrostis spp. occurs. In local patches within the Kudib valley, 
the herb H elichrysum  leptolepis occurs. Also in local patches within the Kudib 
valley small shrubs of either Terminalia sericea or Com bretum  apiculatum  with 
small bushy C olophosperm um  m opane  occur.
(c) A third association is the Terminalia prunioides, Kirkia acuminata, 
Croton gratissimus Association  and occurs on the slopes underlain by Abenab and 
Tsumeb dolomites on the Otavi Spitze, Askevold and Hartbeespoort Ranges, east 
o f  Otavi. Here slightly higher temperatures and more rain occur. The trees attain 
heights o f up to 6 meters (20 ft.). A few trees o f  Burkea africanum, Com bretum  
apiculatum , D ichrostachys cinerea, D om beya rotundifolia. Ficus sycamorus, Ozoroa 
paniculosa and Tarchonanthus camphoratus occur. The ground cover consists of 
herbaceous plants such as Melhania griquensis, Indigofera spp., Tephrosia spp. and 
Leucas p eu ch e llf and the grasses Aristia spp., Eragrostis spp., Stipagrostis iiniplumis, 
Schm idtia  pappophoroides and Digitaria eriantha. Within this association variations 
occur over the different geological horizons. Croton gratissimus community characteris­
es areas with near surface bedrock and soils developed over the Abenab Tsumeb 
conlacl rocks on the .soulhern hillslope o f  the Ilarlbcespoort Range. While a 
Com m iphora spp. com m unity  occurs on the Abenab dolomite, especially at the top 
o f  the ranges. A Terminalia spp. community is found on the Abenab dolomites
and schists on the northern hillslope o f the Hartbeespoort Range. Rliuss spp.,
Euclea spp. and Ozoroa spp. Shrub Community occurs on the Nosib schists and 
quartz veining on the lower northern hillslopes of this range. A Kirkia acuminata, 
D ichrostachys cinerea Community characterises the Nosib epidosite and mineralized 
Zone.
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(cl) Finally the Terminalia prunioides, Spirostachys africana Association, 
occurs on the sanely soils underlain by the Tsunieb dolomite as found on 
Finsterbergcn farm, north west of Otavi town. Tree heights up to 6 - 7  meters 
(2 0 —25 ft) were recorded. Shrubs o f  Conibretutn apiculatum  and Co}nw.ipJiora 
pyracanthoides  occur. There is little grass cover within this association.
B. Low Tree and Shrub Savanna
This vegetation unit may be related with Geiss’s category o f Thornbush 
Savanna for northern  South West Africa (Geiss 1971). The Low Tree and Shrub 
Savanna with its characteristic grassland studded by trees in dense and open clumps 
of varying sizes, occurs in the Damara plain and valleys between the ranges west 
and east o f  Otavi town. Within this vegetation unit, three distinctive associations 
can be recognised (Fig. 8 ).
(a) The first association is the Acacia hereroensis. Acacia mellifera, ■ 
D ichrostachys ciuerea and Cornbretum spp. Association. This occurs as a very 
thorny  dense bush over sandy and calcrete areas in the plain, south o f Kombat 
Mine. It also occurs in the Hoias area north west o f  Otavi town. Tree heights 
attain up to 3 —4 meters (12—15 ft). Within this association the following species 
are present: Acacia erubescens, A. Iiebeclada, Cornbretum imberbe, C. hereroense, 
Grewia jlavescens, G. bicolor, R hus ciliata, R. marlothii, Ehretia rigida, Euclea 
sp., and Ziziplius mucronata. A  few scattered trees o f  Albizzia anthelm initica  
occur to the south o f  the Hartbecspoort Range in the vicinity o f  Driekoppies 
farm. Small herbaceous plants and shrubs of Leucas pseuchelli, Petalidium variable, 
Leucliosphaera bainsii, Cataphractus alexandrii and Rliigosum tricliotum um  occur.
The grasses Aristida spp., Eragrostis spp., Urochloa spp. and Panicum m axim um  
occur. Locally variations occur in this association, in response to various environ­
mental parameters. On Asis farm, a Croton gratissimus community occurs over 
calcrete and Nosib calc-chloritc schists, while a Dichrostachys cinerea community
is present over the Nosib contact rocks.
(b) A second association is the Acacia reficiens, Peltophorum  africanum, 
Lonchocarpus nelssi Association. This occurs as a less thorny open bush over sandy 
loam soils, underlain by Nosib and Damara rocks in the valleys and plain, east
o f  Otavi. Trees and shrubs attain heights of 6 —7 meter (20—25 ft). Trees and 
shrubs o f  Acacia giraffae, A. karroo, Dichrostachys cinerea, Cornbretum apiculatum, 
Grewia jlavescens and Ziziplius mucronata occur frequently. Occasional Boscia
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albitrunca  trees and shrubs o f Ximenia caffra are found. Herbs such as Leoiiotis 
leofiitis, Leucas peuc/ielli, Lantana spp., Hirpiriciim gazanioides occur within a 
mixed grass com m unity  o f Aristida spp., Fingerhuthia spp. and Cenchrus spp.
A local variation o f  this association occurs on Askevold South farm, between 
the Askevold and Hartbecspoort Ranges, where a scattered community o f Acacia 
sp., Z izip lius mucronata, Euclea spp. and Peltophorum africanum  occur, within 
the grass covered valley underlain by Nosib rocks.
(c) A third association is the Acacia karroo, Cornbretum imberbe, R h u s  
lancea Association. This occurs as a riverine dense bush in the Buschbrunnen Fault 
Zone east o f  Kombat, Here a mixed grass community occurs with Aristida spp., 
Eragrostis spp. and Cenchrus spp. Several trees of Ficus spp. occur indicative o f 
a wet area.
The Low Tree and Shrub Savanna vegetation within the valleys and Damara 
plain has in places been severely overgrazed by cattle. In local areas dense clumps 




T H E  O T A V I - G R O O T F O N T E I N  A R E A  
CHAPTER 7 
SELECTION OF AREAS FOR INVESTIGATIONS
Initial reconnaissance o f some 320 sq. kilometers (+ 200 sq. miles) in the 
Otavi Mountainland, east o f  Otavi town and in the vicinity o f  Grootfontein re­
vealed sporadic copper, lead and zinc mineralisation within both the ranges and 
valleys. These pockets o f  mineralisation occur in the Nosib Abcnab contact rocks 
and in the Abenab Tsumeb contact rocks. Subsequently an exploration programme 
was formulated with the objectives o f  assessing the value o f the known ore depo­
sits and o f  locating possible extensions o f  the mineralisation in the various local 
occurrences. This programme included gcobotanical, biogeochemical and geo­
chemical investigations. Interest was focussed on establishing possible relationships 
between the vegetation covering the surface and the presence o f metal concen­
trations in the concealed bedrock.
The Neuwerk Farm Area, near Otavi town, was selected as the first target 
area in the investigations. Here copper, lead and zinc mineralisation occur in the 
Nosib Abenab contact rocks in the Hartbecspoort Range. The Driekoppies 
Eenberg Farms Area, located further east was selected as the second area for in­
vestigations. Here similar copper, lead and zinc mineralisation occurs in the Nosib 
Abenab Contact rocks. Following this, the Askevold South Farm Area was selected 
for the investigation because o f presence o f mineralisation both  in Nosib Abenab 
and Abenab Tsumeb contact rocks on the Hartbeespoort Range. Here the soil 
covered valley between the Hartbeespoort Askevold Ranges was also investigated 
for any possible mineralisation within the Nosib epidosite rocks in which occasional 
mineralisation had been found. Conqxirisons ol gcobotanical, biogcochcmical and 
geochemical results from these similar areas would be o f great interest.
Finally in the vicinity o f  Kombat Mine, the farms Asis and Kombat Suid 
were studied because o f  the presence o f Nosib Abenab and Abenab Tsumeb contact 
rocks and their near situation to the well mineralised Kombat Mine area. On these 
farms little mineralisation is evident and a thick calcrete and soil cover conceals 
the nature o f  the bedrock.
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CHAPTER 8
I N V E S T I G A T I O N S  I N  T H E  N E U W E R K
F A R M  A R E A
The Neuwerk farm area is situated approximately 16 kilometers (10 miles) 
east o f  Otavi town. A prominent hill covered by Open Low Savanna Woodland 
occupies a large part o f  the farm and forms part o f  the Hartbeespoort Range, 
which extends eastwards from this farm. On all sides the hill merges into the 
surrounding Low Tree and Shrub Savanna covered valley and Damara plain, with 
its red brown loam soil and hard pan calcrete cover.
Reconnaissance over the farm area revealed that Nosib Abenab contact 
rocks (calc-chlorite schist, breccia o f  agglomerate and epidosite) formed the pro­
minent hill feature, whereas Nosib rocks (calc schist) occurred in the valley in
the northern portion o f  the farm. Interbedded dolomite schists, phyllite and
dolomite, belonging to the Abenab Stage outcrop on the southern slops o f the
hill, while dolomites and tillites o f the Lower Tsumeb Stage occur in the plain 
in the southern portion o f the farm (Fig. 9).
Prospecting over the Nosib Abenab Contact Zone had led to the discovery 
of malachite staining in these rocks on the hill. This has been followed by geo­
logical mapping, trenching and rock sampling, which revealed an outcrop some 
80 meters long by 8 meters wide o f well mineralised Breccia (of agglomerate and 
epidosite). The area is penetrated by a complex pattern o f numerous intersecting 
NE — SW and NW — SE trending fractures which probably have played a role 
in controlling the copper mineralisation and shape o f the hill. Some iron occurs 
near the contact with Lower Tsumeb Stage dolomite.
Geochemical investigations involved sampling at 30 meter intervals, along a 
series o f  traverses spaced at 100  meter intervals and orientated at right angle to 
(he inleiied geological si like. This iiivesl igalion confirmed (he presence of copper 
mineralisation, but gave little indication ol the ore potential within the rocks 
under the area, where surface indications ol mineralisation occurred. The geo- 
botanical and biogcochcmical investigations which were phased into an integrated 
exploration programme which included some geophysical work, was aimed at 
determining the extent and value o f the known mineralisation and at locating 
further mineralisation which had no surface expression. The investigation were 















and at nearby known background unmineralised area. Sampling was undertaken 
along three transects which coincides with the geochemical sampling traverses 
NB. 25, NB. 32 and NB. 35 (Fig. 9).
Ground reconnaissance revealed a relationship between distinctive vegetation 
associations and the particular bedrock units. An Open Low Savanna Woodland 
occurs over the Nosib Abenab contact rocks. This Savanna Woodland composed of 
the Terminalia prunioides, Kirkia acuminata, Croton gratissimus Association  occurs 
over the hill. A noticeable belt o f  the Terminalia prunioides, D ichrostachys cinerea 
com m unity  occurs over the copper bearing breccia. Over the Abenab phyllites in­
terbedded dolomite and chlorite schists with the sporadic copper mineralisation, 
the possible copper indicator plant H elichrysum leptolepis together with Mollugo 
cerviana occur in dense patches extending east west over a strike length 75 meters. 
Com m iphora pyracanthoides  occur over the unmineralised Abenab dolomites on the 
top o f  the hill and upper southern slope, and is joined by a Terminalia prunioides, 
Kirkia accuminata, Croton gratissimus C om m unity  on the lower southern slopes 
and unmineralised Abenab dolomites. In the southern portion of the farm a small 
com m unity  o f  Croton gratissimus shrubs occur over a calcrete rise. The Acacia 
reficiens, P eltophorum  africana, Lonchocarpus nelsii Association  occupies the valley 
and plain north  and south of the Neuwerk farm area (Fig. 10).
The geochemical investigation revealed copper, lead and zinc anomalies 
whose distribution transgressed the boundaries o f  the lithological units and which 
also differed one from the other. Anomalous copper values of 400 to 5000 ppm 
occur over the Nosib Abenab Contact Zone, within the mineralised breccia and 
dolomite (Fig. 11). The highest lead and zinc values of 100 ppm each occurs over 
the Nosib Abenab Contact Zone (Fig. 12 + 13). Although copper mineralisation 
is fairly widespread in the Nosib Abenab Contact rocks, it is apparently not ac­
companied by significant lead and zinc mineralisation. Economic minerals encoun­
tered within the trench dug within the mineralised breccia, calc and chlorite 
phyllite schists (Mate SZ/70.1), are bornite, chalcopyrite, chalcolite, malachite, 
cuprite, brochantitc , chrysocolla, limonitc, magnetite, haematite and pyrite. Similar­
ly in a few short trenches dug in the Abenab dolomite in the vicinity of transect 
line NB. 31 and NB. 32 have revealed malachite, bornite, chalcopyrite in numerous 
specularite rich seams. The nature and source o f the specularite is unknown but 
may be connected with the lower zone of the Tsumeb Stage which is known to 
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N E U W E R K  F A R M
Dense trees of Dichrostachys cinerea, 
Terminalia prunioides occur over Nosib 
Abenab Mineralised Zone in background. 
View of trench facing north.
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ferruginous Abenab dolomite from the vicinity o f NB 32 and NB 35 north  of 
the base line shows small increase o f mineralisation (Table 5).
TABLE 5 Copper and Lead values of the soil profiles from pits dug on the 
Transects NB. 32 and NB. 35 from the Neuwerk Farm




NB 32/ pit 3 
at 90 meters N
0 - 5 0 fine brown sandy 
loam
308 44
5 0 - 1 0 0 345 48
1 0 0 -1 5 0 ferruginous sand 345 49
1 5 0 -2 0 0 ferruginous sand, 
dolomite
346 51 .
NB 32/ pit 4 
at 120 meters N
0 - 5 0 brown loam 327 42
5 0 - 1 0 0 ” 337 45
1 0 0 -1 5 0 ferruginous gravel 351 42
1 5 0 -2 0 0 dolomite 389 41
NB 35/ pit 4 
at 130 meters N
0 - 5 0 brown loam 489 26
5 0 -1 0 0 dolomite 327 23
1 0 0 -1 5 0 dolomite 292 22
1 5 0 -2 0 0 dolomite 266 21
l alconbridge Windhoek, Zwanzigcr 1971
Geophysical work such as the induced polarisation survey carried out along 
transact line NB 25, revealed anomalous values over the mineralised trench area, 
(Fig. 14) thereby providing evidence additional to the geochemical copper anom a­












































































area (Fig. 14), was also shown by the induced polarisation survey. This may in­
dicate the presence of a metallic deposit (ore body) beneath the cover o f  red 
brown loam soil and calcrete.
A geobotanical study disclosed the presence o f the possible copper indi­
cator plant H elichrysum  leptolepis and the plant M ollugo cerviana in a dense patch 
along the outcrop areas o f  the mineralised m alachite . stained Nosib Abcnab Contact 
rocks and occur nowhere else on the farm (Fig. 15 + 16). These plants also occur 
in the vicinity o f  Kom bat Mine where investigations have revealed small ore bodies 
connected with pseudo-aplite rocks. No rocks o f pseudo-aplite however have been 
found on Neuwerk farm. The presence o f  these plants on Neuwerk farm indicate 
their ability to adapt themselves to extreme conditions caused by the concentra­
tions o f  toxic metals (copper, lead and zinc especially) in the soil and near surface 
bedrock or by the disturbance o f  ground by human and animal activity, (such as 
prospecting and overgrazing). The tree distribution on Neuwerk appear to follow 
the toxic levels o f  copper in soil within the geochemical dispersion patterns. The 
distribution o f  Terminalia prunioides, Di3^clirostachys einerea trees follow generally 
copper in soil values from 200—1000 ppm. The distribution o f Commiphora  
pyracanthoides  trees follow copper in soil values from 8 0 0 0 —1000 ppm, as well as 
lead in soil values o f  100 ppm. The indicator plant Ileliehrysum  leptolepis follows 
copper in soil values o f  5000 ppm. The geobotanical data along transect NB 25 
(Fig. 16) shows no trees and shrubs from the area where Helichrysum  leptolepis 
and M ollugo cerviana are indicative of high copper values within the thin soil 
cover and bedrock.
The leaves o f  Aeacia hereroensis and D ichrostachys cinerea trees were col­
lected for the biochemical study. These two species being chosen on account of 
tlieir widespread distribution throughout the Open Low Savanna Woodland and 
the Low Tree and Shrub Savanna both  over areas with the mineralised bedrock 
outcrop  and over those with thick soil cover. Leaf and soil sampling took place 
during the summer season. The analytical results on the samples collected along 
the transect NB 25 are displayed in Fig. 17, while those obtained from transects 
NB 32 and NB 35 are tabulated in Tables 6 a + b and 7a+b. (Appendix p. 160, 161).
A high copper value o f 50 ppm. and high iron o f 200 ppm. occur within 
the leaves o f D ichrostachys cinerea growing over the mineralised zone, where 
copper levels in soil reach 1000 ppm. (Fig. 17). High values o f  1000 ppm. 
Manganese, 80000 ppm calcium and 2000 ppm Magnesium also occur within these 
leaf samples and are well above those for background values. Significant also is 
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tent) and high iron: 300 ppm within the leaves of Dichrostachys cinerea at the 
120 meter south  position along the transect NB 25 (Fig. 17). Here a sharp de­
crease in calcium and magnesium content in the leaves occur. Geochemical results 
show no increase in metal content o f  soil in this area. However the high metal 
content within Dichrostachys cinerea corresponds to the anomaly shown by the 
induced polarisation survey. This suggests the possibility o f mineralisation at 
depth  at this locality. Here no Helichrysum leptolepis plants occur indicating minera­
lisation is not picked up at surface level. No increase in metal uptake occurs with­
in the leaves o f Acacia hereroensis and Dichrostachys cinerea along the o ther tran­
sects NB 32 and NB 35 on Neuwerk (Tables 6 a, 6 b, 7a and 7b, Appendix p. 160—164).
The background metal content within the leaves o f the species collected on 
Neuwerk farm is shown in Table 8 .
Investigations on Neuwerk show that mineralisation within bedrock and soil
is reflected by the metal content in the leaves of the trees of this area, whether
the mineralisation occurs near surface or at depth. The nature of bedrock and soil
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I N V E S T I G A T I O N S  I N  T H E  D R I E K O P P I E S -  
E E N B E R G  F A R M S  A R E A
Prior to  the present study, prospecting activities had disclosed the presence 
o f copper mineralisation comparable with that on Neuwerk farm and similarly 
in the Nosib Abenab Contact Zone, on the farms Driekoppies and Eenberg some 
24 kilometers (15 miles) further east. On these farms the mineralisation zone oc­
curs on the southern slope o f  the Hartbeespoort Range.
This area had been subjected to geochemical investigations in which soil 
sampling had been conducted along a series o f  cut traverses, while a series of 
trenches had been opened across the zone with anomalously high copper values 
in soils and where malachite staining occurs in schist and epidosite outcrop rocks. 
(Plate SZ/70.2). These revealed a 100 meter long outcrop o f mineralised epidosite 
at the base o f the hill and very sporadic malachite within the schist o f  Nosib 
Abenab Contact rocks, about 80 meters above the epidosite. The extent and tenor 
o f  the geochemical anomalies suggested that the area would warrant further inves­
tigation. Accordingly an exploration programme was formulated with the objectives 
o f  evaluating the value o f the ore horizon and the degree to which the vegetation 
reflected this mineralisation. Geobotanical and biogeochemical investigations formed 
an integrated part o f  this programme. Orientational ground reconnaissance studies 
revealed that the Hartbeespoort Range forms a long narrow whaleback hill, which 
acts as the northern boundary of the adjacent Driekoppies-Eenberg farms. The 
southern slope o f the hill merges into a slightly undulating soil and calcrete 
covered plain. Towards the southern part of these farms several calcrete rises 
occur, while towards the east on Driekoppies Farm, a small dry stream bed leading 
into a small kidney shaped dam, forms the main drainage feature.
Oulcroiis o f  bedrock is mainly found on the steep hill, where Abenab 
dolomite forms the crest and northern slope, and the steeply dipping mineralised 
chlorite, calc-schist and mineralised epidosite forms the southern slope (Fig. 18).
Here and there along the dolomite contact ferruginous shales of the Nosib are ex­
posed. Much quartz and calcite veining occurs on the southern slope where it shows 
little association with the mineralisation. In the south, small outcrops of brown 
dolomite, siliceous dolomite and yellowish limestone have been found. No NE — SW 
striking fractures exist in the areas. If present they are well concealed by soil and
60




D R I E K O P P I E S  F A R M
View south from Hartbeespoort Range with dense 
trees of Dichrostachys cinerea over mineralised 
area (central position of photo). Geochemical 
transect lines clearly visible.
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calcrctc. Vast portions o f  the farms are covered by the relatively thick deposits
o f  red brown and grey loams and calcrete (Fig. 18).
The red and brown loams which cover the areas o f low relief on the 
farms, comprise partly residual and partly transported material which overlies the 
dolomites o f  varying depths. The grey loam is associated with the relatively thick 
calcrete (which is 3 meters and more in depth) and to the near surface dolomites 
on the slight rises and higher ground. Calcrete extends along the base o f the hill
from west to east and is also found in local patches in central and southern parts
o f  the farms. It tends to partly obscure the position o f the calc-schist and
mineralised epidosite. Observations from outcrop and trenching through the grey 
loam and calcite layers, gave little indication of the extent of the copper mineral­
isation within the Nosib Abenab Contact Rocks. The great thickness and hardness 
o f  the calcrete and its apparent suppression o f the metal concentration at surface, 
posed problems during the exploration activities.
Within this study area, the vegetation shows marked changes in both  com­
position and physiognomy which reflect the changes of relief, soil and underlying 
bedrock geology. Over the higher parts of the Hartbeespoort Range the Open 
Low Savanna Woodland is characterised by the tall Terminalia prunioides, Kirkia 
acum inata  and Croton gratissimus Association. Below the crest, a com m unity of 
Commiphora species occupies the zone o f scree and skeletal soils developed over 
the dolomitic bedrock. Below this zone, sparse groups o f Croton gratissimus trees 
with R/iiis sp. shrubs and the herb Leucas pechuelli marks the area underlain by 
clorite calc schist exhibiting occasional flecks o f malachite. Here also a few 
scattered trees of Kirkia accuminata  occur (Plate SZ/70.3).
On the lower slopes and at the foot o f the hill, a belt o f  relatively dense 
D ichrostachys cinerea trees mark the position o f the mineralised zone o f  the Nosib 
Abenab Contact Rocks (Plates SZ/70.2 and SZ/70.4) thereby showing similar distri­
bution pattern to that developed on the Neuwerk farm. On the western part o f  
Fen berg farm this Dichrostachys cinerea tree belt lorms a narrow zone but it 
widens in the central and eastern parts o f Driekoppies farm, following the Nosib 
Abenab rocks throughout at the base o f  the hill. Within this belt, are a lew 
scattered trees o f  Kirkia acuminata. This Dichrostachya cinerea belt gradually merges 
into the less thorny  and more open Low Tree and Shrub Savanna on the level 
plains. Here abundant trees o f  Acacia sp., Peltophorum  africanum, Boscia sp. and 
A lbizzia  sp. occur, and also the shrubs o f Com bretum  sp. and R hus sp. Here the
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PLATE SZ/70.3
E E N B E R G  F A R M
View along transect RD 7 from Hartbeespoort 
Range, south towards the Okumukanti Range. 
Foreground has trees of Croton gratissimus.
Centre shows taller trees of Kirkia acuminata 
(reddish) followed by dense Dichrostachys cinerea. 
Background has Low Tree and Shrub Savanna.
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PLATE SZ/70.4
D R I E K O P F I E S  F A R M
Dense tree belt of Dichrostachys cinerea 
over mineralised epidosite on geochemical 
transect line.
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grasses have been severely overgrazed. In places where sand overlies or has become 
admixed with material weathered from the dolomitic bedrock, to produce slightly 
acid red loam soil, small groups o f tall Lonchocarpus nelsii trees stand out above 
the rest o f  the vegetation. These trees are usually indicators o f  sand cover and 
o f underground water supply and may be found in the central and southern part 
o f  the Eenberg farm in the vicinity o f the transect RD 7 (Plate SE/70.5).
Air (photographs taken by M.M. Cole (Plates MMC/70.6 and MMC/70.7) 
with true colour and infra-red colour films clearly define the vegetational and geo­
logical zones. From the true colour print (Plate MMC/70.6) it is possible to discern 
the dense belt of Dichrostachys cinerea trees as dull grey green coloured patches 
(as in vicinity o f  main trench) as it follows the mineralised zone o f the Nosib 
Abenab Contact Rocks. On the same photo a similar Dichrostachys cinerea and 
Acacia spp. patch, bu t o f  low growth shrub-like form, is seen at the southern 
extend o f  the transect RD 7 together with a darker green patch composed of tall 
trees o f  Lonchocarpus nelsii and various Acacia spp.
On the infra-red colour print (Plate MMC/70.7) the Dichrostachys cinerea 
trees along the mineralised zone have a poor reflectance giving a dull pinkish grey 
colour (Compare Plates MMC/70.6 and MMC/70.7). The other vegetation communi­
ties have a bright red reflectance indicative o f  healthy growth. Dolomitic bedrock 
outcrop appears as bright blue colour, while bare patches o f soil appear as light 
to whitish colour. The anomalous areas associated with Dichrostachys cinerea, 
shown in the infra-red colour print, indicate a possible westward extension of the 
mineralised zone beneath the soil and calcrete overburden.
The geochemical investigation made use o f the existing transect lines and 
trenches o f  earlier prospectors at the base o f the hill and across^the soil and cal­
crete covered plain. (Plates SZ/70.2, MMC/70.6 and MMC/70.7). Biogeochemical 
sampling along six transects RD 7, RD 8.5, RD 9, Tr 37 and Tr 38 on Eenberg
farm and Tr. 36 on Driekoppies farm, formed part of the integrated exploration
programme (Fig. 18). These transects cover the known mineralised zone and also 
the anomalous areas, suggested by the infra-red imagry as well as the soil and
calcrete covered plains. From the biogeochemical results it was hoped to attain a
more precise pattern o f subsurface mineralisation than is possible from soil geo­
chemistry since the rooting systems of the trees are able to penetrate the calcrete 
layer.
Generally the levels of copper in the soil of the Driekoppies-Eenbcrg farms 
area are markedly lower than those o f the Neuwerk farm area. This is partly due
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PLATE SZ/70.5
E E N B E R G  F A R M
Southern end along transect RD 7, with patch 
of tall trees of Lonchocarpus nelsii and low 
growth of Dichrostachys cinerea. Acacia spp. 
shrubs in the foreground.
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PLATE MMC/70.6
D R I E K O P P I E S  E E N B E R G  F A R M S
True colour print of aerial view. Open Low Savanna 
Woodland on Hartbeespoort Range in foreground and Low 
Tree and Shrub Savanna over plain. Geochemical and 
biogeochemical Transect lines running north - south.
(Farm road as Y and main trench as white block in 
foreground). Dense DicJirostachys cinerea tree belt 
(indicated by arrows) appears as grey green patch in 
the vicinity of mineralised trench.
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PLATE MMC/70.7
D R I E K O P P I E S  E E N B E R G  F A R M S
Infra-red colour print of aerial view of 
same area as in MMC/70.6. Dichrostachys 
cinerea trees in vicinity of mineralisation 
showing up as dull pinkish grey colour, 
coinciding with grey green patch in true 
colour print. (See arrows).
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to a greater calcrete overburden on Driekoppies-Eenbcrg farms. Anomalous copper 
values o f  1 0 0 —2 0 0  ppm were found in places in brown loam soil and in the grey 
loam and calcrete cover at the base o f  the hill over the known mineralised zone, 
within the schist and epidosite rocks. The rest o f  the farm areas gave values 
below 50 ppm (Fig. 19). Very low lead values were found in the soil throughout 
the farms, (Fig. 20) but was slightly higher however in those samples containing 
anomalous copper values. Analysis on the zinc content o f  the soil were carried out 
on the samples from transect RD 9. These showed generally very low values but 
slightly higher in those with anomalous copper values (Table 9). Study of the 
dispersion patterns o f  copper in the soil shows that there is a marked tendency 
for this element to remain within the brown loam soil over the level plain. In 
areas o f  calcrete cover, even over the known mineralised zone, few samples with 
high copper values were obtained. This may be due to the slowed mobility of 
copper through the calcrete in contrast to the rapid mobility of copper to surface 
in the brown loam soils. Because of the anomalous copper in soil values in the 
area between the two roads on Eenberg farm, in the vicinity of transect RD 8.5 
and RD 9, drilling and trenching commenced and revealed slightly less copper in 
bedrock in dep th  than in the overlying brown loam soils.
Trenching at Nosib Abenab Contac.t Zone at the main trench (Plate SZ/ 70.8) 
at the base o f  the hill and within the zone o f mineralised chlorite calc schist and 
epidosite revealed a 2% copper ore over a strike o f  7 meters. The geochemical 
analysis results from this trench revealed a general increase of copper and lead but 
a decrease o f zinc in depth (Table 10).
Cieobolanical and biogeochemical investigations were undertaken during late 
summer and early au tum n m onths when the vegetation growth was at a maximum. 
Ground reconnaissance o f the area failed to disclose the presence o f Helichrysum  
Icptolcpis or any other possible copper indicator plant, but some interesting and 
perha|is significant distributions of certain plant species were revealed. Sparse 
groups o f small shrubs of Croton yratissintus, Lcucas pcclniclli, Barlcria ka loxytona  
and the unidentified species No. 7020 were found to occur on the mineralised 
calc-schist, while the belt of dense Dichrostachys cinerea trees occupy the mineral­
ised calc-schist and epidosite rocks, that is the anomalous area as seen in the 
infra-red print and along transect Tr. 36 (Fig. 21 and Fig. 22). Tail trees o f  
Lonchocarpus nelsii and several Acacia spp. characterise the acidic red loam soil 
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D R I E K O P P I E S  F A R M
View from Hartbeespoort Range looking 
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nerally calcareous conditions. Adjacent to this Lonchocarpus nelsii patch occurs 
the low growth o f D ichrostachys cinerea with Acacia spp. A few trees o f Acacia 
reficiens and Boscia alhitrunca  have been found over red and brown loam soils. 
Throughout both  farms a mixed association o f the grasses Aristida sp., Eragrostis 
sp., Enneapogon sp. is common. The grasses Stipagrostis uniplumis, Fingcrhuthia 
africana, Cenchrus ciliaris and Eragrostis echinocloidea  however are present only 
over the zone o f  copper mineralisation (Fig. 21 and Fig. 22). Neither specific 
plant communities nor indicator species were found over the geochemical anomaly 
in the vicinity o f  RD 8.5 and RD 9 between the two roads on Eenberg.
The choice o f  the tree and shrub species, Acacia erubesens, A . hereroensis,
Croton gratissimus, D ichrostachys cinerea and Grewia flavescens for leaf sampling 
in the biogeochemical investigation was governed by their overall distribution on 
both  farms and anticipation of their roots being able to penetrate the soil and 
calcrete cover. These species were collected where possible at regular 30 meter, 
intervals along the transect across the plain to the hill or wherever they occurred 
on a particular geological unit or soil type.
Analysis o f  leaf samples o f  species D ichrostachys cinerea collected along 
transect Tr. 36 on Driekoppies—Eenberg farm border, revealed low copper, lead 
and zinc values throughout the area including the mineralised zone (Fig. 23). 
Similarly the leaves o f Grewia flavescens and Acacia sp. also show low metal 
contact.
Low values of copper, lead and zinc were found in the leaves of Acacia
hereroensis, Croton gratissimus and D ichrostachys cinerea collected along the
transect RD 7 Eenberg farm, including the mineralised zone (Fig. 24). Relatively 
high uptakes o f  calcium and magnesium by the species occurs, while iron is taken 
up to a lesser extend over the calc-schist mineralised zone and area with the 
anomaly on the infra-red colour photo.
Leaf samples collected from moderately tall trees (heights 6 —12 feet or 
2 4 meters) o f  Acacia hereroensis and Dichrostachys cincrca within the Low Tree 
and Shrub Savanna in the red brown loam soil covered plain, along transect RD 
8 .5  revealed a slight increase in the copper, lead and zinc uptake in the area with 
anomalous geochemical values in the soil (Tables 1 la + b) (Appendix p. 165, 166). 
Similar leaf samples o f  Acacia hereroensis and Dichrostachys cinerea collected along 
the transect RD 9 showed a slight increase in the copper and zinc metal uptake 





T R A N S E C T  RD -  7, 
B I O D F . O C H E M I S T R Y .
D R I E K O P P I E S -  E E N B E R G  F A R M  A R E A .
FIG. 24 Zwanziger 1972
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o f Croton gratissimus collected over the calc-schist rocks on the hill along this 
transect gave a slight increase in the lead and zinc content and this may be an in­
dication o f the westward extension o f the zone of mineralisation as suggested by 
the infra-red colour print (Plate MMC/70.7 and Tables 12a, b + c) (Appendix p. 167-170).
Samples collected along transect Tr. 38 showed similar areas o f interest.
Here leaves from the shrub Grewia flavescens showed slight increase in the copper, 
zinc and lead uptake, as well as in the anomalous geochemical soil area in the 
plain. In the mineralised zone on the hill a slight increase in metal content within 
leaves o f  Acacia species and D ichrostachys cinerea occur. Of significance is the high 
percentage ash content o f  the samples together with high metal content in the 
leaves o f Croton gratissimus growing over the calc-schist, on the edge o f  the area 
with the anomaly on the infra-red colour photo (Tables 13a, b, c, d + e)
(Appendix p. 1 7 1 -1 7 6 ) .
Along the short transect Tr. 37 in the zone o f interest, that is, the known 
mineralised zone and area with anomalous spectral significance in the infra-red co­
lour photo , leaf samples o f  Croton gratissimus show slight increase in the metal up­
take. However no increase in metal content occurred in the leaves of Dichrostachys 
cinerea and Grewia Jlavescens shrubs from the D ichrostachys cinerea tree belt, and 
this is also apparent in the samples from transect Tr. 36 and RD 7 (Tables 14a, 
b, c + d) (Appendix p. 177 — 180).
From the investigations on both  Driekoppies and Eenberg farms it is appa­
rent that the calcrete exerts a marked effect on the metal uptake by the plants.
Over the mineralised zone, the analyses o f  plant tissue show lower toxic metal con­
tents within the leaves o f  the tree species than was the case on Neuwerk farm.
The calcrete over the mineralised zone on Driekoppies farm is thickly developed, 
even up to several meters, whereas on Neuwerk farm the calcrete is only several 
centimeters thick. Higher levels o f  calcium and magnesium, however, occurred in 
the trees o f D riekoppies-Eenbcrg, as is shown by Dichrostachys cincrca (Fig. 24).
On Neuwerk this specie shows a greater copper uptake when there is less calcium 
and magnesium available. It appears that in calcrete areas, Calcium and Magnesium 
ions are more readily available to the plants and may counteract the uptake ol the 
toxic metals such as copper, lead, zinc, cobalt etc. The lesser uptake o f Iron and 
Manganese ions on Driekoppies—Eenberg farms, compared with Neuwerk may be 
significant. On Neuwerk the greater uptake o f these elements is accompanied by 
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Table 15 gives the -background content in ppm (parts per million) of the 
metals: copper, lead and zinc on Driekoppies—Eenberg farms and shows an overall 
greater metal up take by the plants growing over red brown loam soils where the 
metals are more easily available than over the calcrete.
The figures 25 and 26 show that in the areas o f  red brown loam soils 
there is a possible relationsliip between plant metal content and soil metal con­
tent for Acacia hereroensis and D ichrostachys cinerea. Hence it can be anticipated 
that these species can be sampled for indications o f  metals below surface.
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FIG. 25 Metal uptake by Acacia hereroensis on red brown loam sods
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FIG. 26 Metal uptake by Dichrostachys cinerea on red brown loam soils
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Studies o f  the relationships between species frequency and the metal content 
o f  individual species show that this technique is effective in isolating areas of in­
terest for mineral exploration from background areas, ^ c k g ro u n d -  values o f copper 
o f  10 ppm, lead o f  10 ppm and zinc o f 1 5 -2 0  ppm are for the two species 
shown by the histograms in Fig. 27 and 28.
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FIG. 28 Metal content frequency of Dichrostachys cinerea on red brown loam soil
Anomalous levels of the trace elements within the plant tissue are some­
times not attained because o f environmental factors, such as the countering 
effect of high calcium on the metal uptake by the plants, influencing the phy 
siology o f  the plants. In order to understand the processes involved, further physio­
logical studies are needed on metal uptake by the plants and the effect o f  calcrete.
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However investigations from this study area show that biogeochemical and 
geochemical investigations compliment one another. The pattern of mineralisation 




I N V E S T I G A T I O N S  I N  T H E  A S K E V O L D  S O U T H ,  
H A R T B E E S P O O R T  F A R M S  A R E A
Some 8 kilometers (5 miles) north west o f  the Driekoppies Eenberg Farms 
area, the Askevold South farm occupies part o f  the Open Low Savanna Woodland 
covering the Hartbeespoort and Askevold Ranges and the Low Tree and Shrub 
Savanna valley area between these ranges. In the south o f  this study area, the 
Hartbeespoort Range forms a long and high (approximately 5000 ft or 1500 meters 
above sea level) east west single ridge of Abenab Dolomite broken at one place 
by a poort which serves as a throughway for the farm sand road leading from 
Driekoppies farm to Kom bat Mine. The Askevold Range o f similar height and 
shape forms the northern limit o f  the study area. The ranges merge into the thick 
soil covered valley which is crossed by small streams and a north  south sub-surface 
drainage pattern.
Reconnaissance along the Hartbeespoort Range revealed sporadic occurrences 
o f copper mineralisation as chalcocite and malachite staining in the Abenab dolo­
mite, Abenab Nosib contact rocks. On the lower slopes and within the valley, 
evidence o f  copper mineralisation was found within the Nosib epidosite. Some 
mineralisation was also found within the Tsumeb dolomite, on both ranges.
Activities o f the earlier prospectors showed mineralisation along a strike 
length o f 3000 meters eastwards o f  the poort. Several diamond drill holes were 
pu t down in this area. These revealed a grade of 1.2% C u—1.9% Cu similar to 
that found in Driekoppies Eenberg area, within the Nosib Abenab Contact Zone, 
bu t results were not consistent throughout all the holes. A limited vertical extent 
o f  the mineralisation as compared with the strike length suggested supergene en­
richment. There is a possibility that the two NE -  SW trending fractures have 
played an im portant part in localising the mineralisation. Also the presence o f sig­
nificant sulphide mineralisation in the hole O.C. 10 (Fig. 29) might suggest a 
westward plunging sulphide body controlled by the fractures (Lee 1971 Falcon- 
bridge Bull 773 + 774). During the present investigation copper mineralisation 
was found within the epidosite agglomerate outcrop on the northern slopes of 
the Hartbeespoort Range west o f  the poort,  and this may be an expression of 















The southern slopes o f the Hartbeespoort Range are composed largely of 
Tsunicb dolomite but a few outcrops o f tillite occur. Stratigraphically older south 
dipping rocks o f  grey and algal dolomites form the crest and part o f  the southern 
and northern slopes o f this range. On the northern slopes the Abenab dolomite 
is in contact with the calcareous chlorite schist and quartz veining o f the Abenab 
Nosib Contact Zone. Downslope this is followed by the Nosib Epidosite Agglome­
rate outcrop. The rest o f  the Nosib rocks lie buried beneath the soil cover within 
the valley. Quartz float is quite common, presumably having been washed down 
from both  ranges. In the northern part of the valley most parts o f  the Nosib 
Abenab and Tsumeb contact rocks are hidden by soil cover. The Abenab dolomite 
forms the Askevold Range, in the north (Fig. 29).
Most o f  the valley is covered by the relatively thick brown loam soil 
which is partly residual and partly transported. Locally small patches o f yellow 
brown loam with an almost greenish colouring, occur where the epidosite ou t­
crops, or is near the surface. Grey loam occurs over near surface dolomites on 
the lower slopes of both ranges. A few isolated patches of red loams occur 
within the valley (Fig. 29).
Over the Hartbeespoort Range the Open Low Savanna Woodland is character­
ised by the Terminalia prunioides, Kirkia acuminata  and Croton gratissimus A sso­
ciation  (Fig. 30) and is an extension of that found on Driekoppies Eenberg farms 
area. Within this association variation in the composition of the vegetation occurs 
over the different geological horizons. On the southern slopes over the Abenab 
Tsumeb contact zone rocks, Croton gratissimus shrubs (up to 2 meters high) are 
present. The species Grewia flavescens, R hus spp., Euclea spp., Solanum incanum, 
Eragrostis superba and Aristida effusa  often occur among the Croton gratissimus 
shrubs. On the crest o f  the range over the Abenab dolomite which shows sporadic 
copper mineralisation, a Commiphora pyracanthoides community is dominant and 
trees such as Ficus sp., D om beya rotundifolia, Terminalia prunioides occur. Over 
the norih facing slopes (all trees of Terminalia prunioides community occur on 
the Abenab dolomite and calc-schist contact zone. Interspersed with these Termi­
nalia prunioides trees arc some Kirkia acuminata  and Commiphora pyiacanthoides 
trees. Downslope on this northern side o f  the range small shrubs o f Rhus spp., 
Euclea spp. and Ozoroa paniculosa occur on the unmineralised calc-chlorite schist. 
Within the narrow zone in the central part o f  the calc-chlonte schist outcrop 
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Tiie sparse vegetation cover comprises the grasses Stipagrostis uniplum is and 
R h yn ch e ly tru m  spp. The shrubs which characterise the unmineralised calc-chlorite 
schists give way to tall Kirkia acuminata  trees and a belt o f  dense D ichrostachys 
cinerea shrubs over the mineralised epidosite. In turn this gives way to the Low 
Tree and Shrub Savanna o f the valley. The belt o f  D ichrostachys cinerea is signi­
ficant, since it is similar to that occurring on the copper bearing rocks on Drie- 
koppies, Eenberg and Neuwerk farms. It thins out westwards along the ridge 
where the epidosite outcrop is very little within the fracture zone, Dichrostachys 
cinerea shrubs are associated with Acacia spp. and Kirkia acuminata  trees are ab­
sent (Fig. 30).
The Low Tree and Shrub Savanna found to the south o f the Hartbees- 
poort Range comprises the Acacia hereroensis. Acacia mellifera, Dichrostachys, com- 
bretum  Association, with trees some 2 to 2.5 meters (6 —8 ft) high. To the north 
of the Hartbeespoort Range an Acacia sp., D ichrostachys cinerea com m unity occurs 
over the fracture zone on the lower northern slopes. The Acacia reficiens, Pelto- 
phorum  africanurn com m unity is found in the valley between the Hartbeespoort 
and Askevold Range. It is characterised by clumps o f trees scattered within a 
Them eda triandra grassland on the brown loam soils. Here Peltophorum  africanurn. 
Acacia hereroensis. Acacia reficiens and Ziziphus m ucronata  trees attain heights 
up to  6 meters (20 ft). Few Grewia flavescens shrubs may be present. Within the 
valley patches of yellow brown loam occur as irregular shaped, small pan like 
depressions (±  ^ 3 meters in diameter). Here small clumps o f  shrubs of Euclea sp., 
R h u s sp. and Ziziphus m ucronata  occur. To the north the Open Low Savanna 
Woodland occurs on the slopes o f the Askevold Range.
Geochemical investigations were concentrated on the Hartbeespoort Range 
where the known sporadic occurrences o f mineralisation were believed to be com­
parable with those on Neuwerk and Driekoppies farms. This investigation for cop­
per and lead resulted in the farm being divided up into a grid pattern of 2 0  
north south transects along which soil samples were taken at 30 meter intervals 
(Transects ND I to ND 20 (Fig. 31) ). No geochemical information is available 
for the valley between the Hartbeespoort and Askevold Ranges.
The values o f  copper in the soil over the Hartbeespoort Range show high 
readings o f  3 0 0 - 5 0 0  ppm (Fig. 31), in the areas where malachite staining on rock 
outcrops suggest sporadic mineralisation in the Abenab dolomite bo th  east and west 
o f  the poort.  These values are somewhat lower than those o f  Neuwerk farm. Values 





epidosite rocks on the northern  slopes, west o f  the poorts. These are higher than 
the values obtained over the same mineralised epidosite horizon on Driekoppies 
and Eenberg farms. On Askevold South farm, there is no calcrete inHuencing the 
metal conten t within the soils.
The values o f  lead in soil over the Hartbeespoort Range is of the same or­
der as that obtained from Neuwerk farm (1 0 0 —150 ppm  as maximum), while low
lead values similar to those o f  Driekoppies are found in the epidosite on Askevold
(Fig. 32). Analysis for zinc were not carried out.
An induced polarisation survey was carried out on the Hartbeespoort Range
along transect ND. 10 over the mineralised epidosite area. Results from this survey
showed an area of interest with likely subsurface mineralisation coinciding with the 
high copper values in the soil (Fig. 31 and 33).
Initial geobotanical and biogeochemical investigations were carried out along
two parallel transects Tr. 47 on Askevold South farm and Transect NB. 5 on 
Hartbeespoort farm. These transects start from the crest o f  the Hartbeespoort Range 
and extend ou t  into the valley passing through areas o f interest such as the belt 
of D ichrostachys cinerea trees. These investigations were undertaken to compare 
vegetation with geochemistry over areas o f  copper bearing epidosite and unmineral­
ised bedrock outcrop  o f  different lithology and over a soil covered valley. Similar 
investigations were carried out along transect N. 54 on Askevold South farm which 
was located to cross the fracture zone, east o f  the poort.
Subsequently biogeochemical investigations were undertaken along 20 transects 
(Transect NE 1 to 20 — Fig. 29) over the whole o f the valley. A sampling interval 
of 30 meter was adopted in order to ensure the collection o f soil samples derived 
from each unit within the Nosib sequence o f rocks and to make possible the 
addition o f any further mineralised epidosite horizons (such as the case o f the cop­
per mineralised epidosite outcropping along the road towards the centre o f  the 
valley on Askevold South farm).
Cround geobotanical reconnaissance revealed a concentration o f  Dichrostachys 
cinerea trees over the copper bearing epidosite rocks. Nowhere else on either 
Hartbeespoort or Askevold South farms does a belt o f  such a dense tree growth 
occur. Scattered D ichrostachys cinerea trees however occur elsewhere in the vege­
tation. The distribution and density o f  this species appears to be significant since 
it was associated with the presence o f copper in the soil also on Neuwerk and 







































































































of the mineralisation. The grass Stipagrostis uniplum is  is particularly common over 
the area o f  quartz  veining with calcite where trees and shrubs are generally ab­
sent (Fig. 34).
During the initial biogeochemical investigation leaves of Acacia hereroensis, 
Croton gratissimus, D ichrostachys cinerea, Grewia flavescens, R hus ciliata, and 
Ziziphus mucronata  were collected along transects 47, NB 5 and N 54 (Fig. 29). 
These species were chosen for sampling because o f  their widespread occurrence 
over bo th  mineralised and unmineralised bedrock and over soil covered terrain 
throughout the area.
Studies o f  the relationship between species frequency and metal content 
of the individual species, to determine background values, were undertaken.
Figures 35, and 36 show histograms determined from the samples collected 
along all the transects within the study area. Investigations on leaves and Twigs 
of Acacia hereroensis show background values to be 10 ppm for copper, 10 ppm 
for lead and 2 0  ppm for zinc.
Investigations on leaves and twigs o f  D ichrostachys cinerea show back­
ground values to  be 10 ppm for copper, 10—15 ppm for lead (but 5 ppm for 
twigs) and 20 ppm for zinc, as shown in histograms o f Fig. 37 and 38, and are 
similar to  that found for Acacia hereroensis. These values are also similar to that 
found for both  the species as on Driekoppies—Eenberg study areas (Fig. 37 and 
38).
Analysis o f  leaves o f  the species sampled along the transect 47 over the 
mineralised dolom ite and epidosite and soil covered valley, revealed background 
values throughout the area sampled (Fig. 39). Along this transect a slight increase 
in the zinc uptake occurs in leaves o f  Acacia hereroensis collected from the soil 
covered valley, and may be considered significant. In this sample there is no 
corresponding increase in the uptake o f  copper and lead. Slight increase in the 
lead and zinc uptake occurs in the leaves o f Dichrostachys cinerea from the dense 
tree bell over the miiieialisetl epidosile (I'ig. 35).
Over the mineralised dolomites, the leaves o f  Dichrostachys cinerea along 
transact N. 54 east o f  the poort, in the fracture zone, show a high copper of 
49 ppm, and lead o f  16 ppm  conten t (Table 16c, Appendix p. 184). Here also 
a high copper o f  23 ppm and lead o f 55 ppm occur within the leaves o f Acacia 
hereroensis (Table 16a, Appendix p. 181). A high zinc o f  80 ppm content occurs 
within the leaves o f  Acacia hereroensis along transect NB 5 on Hartbeespoort farm 
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FIG. 35 Metal content frequency o f  Acacia hereroensis leaves on red brown loam soil, Askevold 
South farm
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FIG. 37. Metal content frequency o f  D ichrostachys cinerea leaves on red brown loam soil, 
Askevold South farm.
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FIG. 38. Metal content frequency o f  D ichrostachys cinerea twigs on red loam soil, 
Askevold South farm.
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Analytical results o f  the twigs o f  the species /Icflcw hereroensis, A . karroo,
A. reficiens, D ichrostachys cinerea and Z iziphus m ucronata, collected along the 20 
transects (NE 1 to 20) are listed in the Tables 18 to 35, Appendix p. 1 9 0 -2 5 1 .
These biochemical results, o f  all these species sampled, suggest that there is no 
significant mineralisation beneath the soil cover o r  epidosite rocks in the valley, as 
shown by the background values obtained. However several local cases o f  high zinc 
levels ( 6 0 - 8 0  ppm), occur within the twigs o f  Acacia hereroensis collected from trees 
growing over brown loam and yellow brow n loam soils in the valley (Tables 20,
22, 24, 25, 29 and 32, A ppendix p. 198, 206, 215, 219, 233 and 241). Also 
within the twigs o f  Acacia hereroensis the following values were found: copper 
26 ppm, lead 13 ppm and zinc 39 ppm in Sample 6 and copper 33 ppm, lead 
22 ppm and zinc 110 ppm in Sample .64 along transect NE 6 over brown loam 
soil on Hartbeespoort farm (Table 21, Appendix p. 202). These areas warrant further 
investigations.
Once again areas o f  mineralisation are reflected within the leaves and twigs 
of Acacia hereroensis and D ichrostachys cinerea within this study area. But the 




I N V E S T I G A T I O N S  I N  T H E  A S I S  F A R M  A R E A
Asisfarm is situated in the Otavi valley some 1.5 kilometers (0.9 mile) 
south o f the K om bat Mine. Here a Low Tree and Shrub Savanna occupies the 
generally level terrain where a variable cover o f  red brown soils and calcrete mask 
bedrock. Investigations were undertaken in this area partly because o f its proximity 
to the zone o f im portan t mineralisation at K om bat and partly because o f the pre­
sence o f  a fracture pattern  similar to that o f  K om bat Mine. An exploration pro­
gramme was formulated with the objectives o f  finding copper mineralisation by 
means o f  geochemical and vegetational studies. Thus biogeochemical investigations 
as applied in earlier s tudy areas formed an integrated part o f  this programme.
These studies also investigated the effect o f  the calcrete on the metal up take by 
the plants, during winter and sum m er months.
Ground reconnaissance revealed the area as a gently undulating plain with
a small stream following the fault fracture in a north  west — southernly direction. 
This stream is marked in part by a meandering grass covered depression through 
the dense bush. A low and narrow rocky ridge some 240 meters long occurs 
in the north  eastern part o f  the farm near the fence boundary . N orth  o f this 
fence copper mineralisation was found in outcrops o f Tsumeb dolom ite and black 
shales (Fig. 40). A little distance southwards, copper mineralisation occurs along 
the Abenab Tsumeb C ontact zone rocks. Some evidence o f  mineralisation within
the Tsumeb dolom ite and black shales occurs in the region o f the narrow ridge.
No visual evidence o f mineralisation was found in the Nosib Abenab contact rocks.
In the north  o f  the farm, the outcropping Tsumeb dolom ite consist o f  a 
cherty layer followed by a siliceous dolomite, which in turn is followed conform ­
ably by a black shaly horizon o f  the Lower Tsumeb Stage. South o f  this, calcrete 
and loam soil cover (he siliceous Abenab dolom ite and the Nosib calc-dolomite 
schists and epidosite horizons, making the boundaries between these horizons dif­
ficult to define within the plain. Apart from the mineralisation mentioned above, 
a little quartz  veining occurs through the rocks. Clear quartz  veining with no as­
sociated mineralisation was found in the Abenab dolom ite near the contact with 
Tsumeb dolomite in the north  eastern part o f  the farm (Fig. 40). A main fracture 
runs in a NW — SB direction th roughout the length o f the farm and continue 
north o f  the fence boundary  and is probably related to  the fracture pattern at
102
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Kombat Mine (F ig. 2). F u rther fractures are well hidden by the calcrete and soil 
cover.
Calcrete o f  variable thickness covers a large part o f  this farm and imposes 
serious problems for exploration  drilling because it ranges from powdery to mas­
sive and indurated material containing remnants o f  surrounding country  rocks. It is 
usually formed over the Abenab dolom ite, Nosib calc dolomite schists, and is as­
sociated with red, brow n and grey loamy soils. Red loamy soils are more common 
over the Nosib rocks in the southern part o f  the farm (Fig. 40).
The vegetation occurring on Asis comprises o f  the Low Tree and Shrub 
Savanna. The distribution o f  the plant associations bears a close relationship to the 
soil and geological units. In the north  over the Tsumeb dolomite a Acacia here­
roensis and D ichrostachys cinerea tree com m unity  occurs as a slightly open bush.
On the adjacent shales tall shrubs o f  a R h u s spp., D ichrostachys cinerea, Acacia 
spp. and R higosum  sp. com m unity  occurs as a somewhat dense bush. It gradually 
merges into a Acacia spp., D ichrostachys cinerea and Croton gratissimus com m unity 
over the calcrete, brown and grey loams on the Abenab dolomite and Nosib calc- 
dolornitic schists. A dense growth o f  tall trees, o f  the D ichrostachys cinerea occurs, 
over the brow n loams on the Nosib epidosite. This was considered to be of pos­
sible significance as it resembled the vegetation over the copper bearing epidosite 
on Askevold South and Driekoppies farms area. An Acacia spp. and Croton gratis­
simus com m unity  occurs in the vicinity o f  the fault zone in the south o f  the 
farm, where patches o f  calcrete and brown loams are present. Adjacent to this the 
Acacia spp. and R h u s spp. com m unity  occupies a similar substrate (Fig. 41).
A minor occurrence o f  Open Low Savanna Woodland occurs as tall trees 
com m unity  o f  Kirkia acum inata  on the narrow ridge formed by Tsumeb Abenab 
dolomites in the north  east o f  the farm.
The geochemical investigation made use o f  17 transects spaced at 120 meters, 
laid out in a north south running grid system (Fig. 40, Transect RB. 1 to 17), 
over the length of the farm. Biogeochemical sampling occurred along 14 of these 
transects (RB. I to 14). Both geochemical and biogeochemical sampling occurred 
at 30 meter intervals.
The values o f  copper in soil o f  Asis, are o f  the same order as those ob­
tained from Driekoppies farm. On bo th  farms the metal am ount is influenced by 
the presence o f  calcrete. Relatively high values o f 100—200 ppm were found in 

































































































calcrete overlie the Abenab dolomite. High values were also found in samples of 
soil collected over the black shales belonging to the Tsumeb Abenab contact rocks, 
in which mineralisation is know n to occur. Elsewhere the copper levels in the soils 
were below 50 ppm (Fig. 42).
The am ount o f  lead in the soils collected on Asis farm were similar to 
those of the Driekoppies farm. Levels o f  100 ppm  lead were found in samples col­
lected over sites where there is evidence o f  mineralisation within the bedrock. The 
highest lead value o f  2 0 0  ppm however, was found in samples collected over black 
shales where there is evidence o f  mineralisation in ou tcrop  (Fig. 43).
The am ount o f  zinc in soils is higher than that found on Neuwerk and 
Driekoppies. The highest zinc value o f  400 ppm was found also in samples col­
lected over black shales (Fig. 44). The high lead and zinc values are associated
with Abenab Tsumeb contac t rocks. The zinc geochemical pattern  follows closely 
that o f  copper and lead. The slight southernly displacement is due to the migra­
tion o f the zinc as result o f  sub-surface water drainage mainly along the fracture 
zone. No mineralisation seems to occur within the Nosib epidosite occurring in 
the area to the south o f  Asis farm. Geochemical investigations suggest apparently 
appreciable lead and zinc and little copper mineralisation within the Abenab 
Tsumeb contact rocks. Hardly any mineralisation within the Abenab Nosib con­
tact rocks occur in contrast to the previously studied areas o f  Neuwerk, Drie­
koppies and Askevold South  farms.
Subsequently trenching and drilling operations were carried out along RB 9 
in the fracture zone, with the objective o f sampling across the Tsumeb dolomite, 
black shales and Abenab dolom ite where there is evidence o f  mineralisation in
outcrop and calcrete cover. The results are listed in Table 36, and show a de­
crease o f mineralisation with depth. Therefore mineralisation on Asis appears to 
be restricted to near surface within the Abenab Tsumeb contact rocks.
During a geobotanical reconnaissance o f  Asis no known plant indicator was 
found, but the presence o f  R/n/s  s/>p. and Rhigosum  sp. shrubs on the mineralised 
black shales could be significant. Shrubs o f  Rhigosum  sp. did not occur anywhere- 
else on this farm. The shrub Catophm ctes alexandrii occurs wherever calcrete is 
present. As on the farms Neuwerk, Driekoppies and Askevold South D ichrostachys  
cinerea trees occur on the epidosite rocks. On Asis however, the epidosite does 
not appear to be mineralised, and the D ichrostachys cinerea although being dom i­
nant, occurs in mixed stands with o ther species and is not as the sole species 
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An initial biogeochemical investigation included leaf and twig sampling o f 
tiie species Acacia Jiociocusis, D ichrostachys cinerea and R hus sp. during the sum­
mer m onths along transect RB 9. These species were chosen because o f  their re­
latively widespread distribution on Asis farm and because analytical results could 
be compared with those for the same species sampled on Neuwerk, Driekoppies 
and Askevold farms.








Trench at 3 meter (6 ft.) depth 100 1 0 0 -2 0 0 5 0 0 -6 0 0
Drilling at 30 meters (1 0 0  ft.) depth 40 30 80
Calcrete and Abenab dolom ite:
Trench at 3 meter (6  ft .)  depth 10 10 50
Drilling at 30 meters (1 0 0  ft.) depth 5 10 50
The leaf samples collected during sum m er along RB 9 contained sliglitly 
larger am ounts o f  copper, lead and zinc, cobalt, manganese, iron, calcium and 
magnesium than the twig samples o f  the same species. Leaf and twig samples col­
lected over areas o f  mineralised bedrock contained slightly larger am ounts of the 
metals than the samples collected from the calcrete areas (Plate SZ 70/9) (Table 
37).
However twig samples collected during bo th  summer and winter showed 
more or less similar metal con ten t  levels (Table 38), except in the case o f  zinc 
levels within (wigs collected over bedrock. These were slightly higher in the twigs 
collected during summer, when possibly the presence o( higher water levels may 
have affected the availability o f  zinc (or the plants.
High metal con ten t  within the leaves and twigs o f  both Acacia hereroensis 
and D ichrostachys cinerea have been found in the sum m er and winter samples col­
lected along the transect RB 9 on Asis.
Over the mineralised Tsumeb dolom ite and Black Shales contact rocks, one 
leaf sample o f  Acacia hereroensis collected, contained a high calcium level o f
111
PLATE SZ/70.9
A S I S  F A R M
B iogeoch em ica l transect RB 9 w ith  view  sou th , 
sh ow in g  the R h u s sp ., D ich ro s ta ch ys  cinerea, A cacia  
sp p ., R h ig o zu m  sp. co m m u n ity . L eaf and tw ig sam ­
ples w ere co lle c ted  from  the sp ecies grow ing on b oth  
sides o f  th e sam pling p o in t sh ow n  as a sh iny m etal 
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TABLE 38 Background values o f the metal content o f  the summer (wig and Winter twig 





Cu Pb Zn Cu Pb Zn
Acacia hereroensis
Samples from
a) Bedrock 4 1 30 4 6 20
b) Calcrete 4 3 9 3 4 15
D ichrostachys cinerea
Samples from
a) Bedrock 5 5 20 4 4  10
b) Calcrete 3 3 8 3 4 4
Rhus ciliata
Samples from
a) Bedrock 4 4 40 3 4 10
b) Calcrete 2 3 2 2 4  5
54,504 ppm and a high cobalt level o f  75 ppm. A twig sample o f  this specie at 
the same site contained a high iron level o f  94 ppm and a high cobalt level o f  
72 ppm. The copper, zinc and lead conten ts  of bo th  the leaf and twig samples 
of D ichrostachys cinerea contained high levels o f  copper 12 ppm, zinc 34 ppm, 
lead 10 ppm, calcium 39 ,710  ppm , magnesium 3,200 ppm, iron 216 ppm and 
cobalt 103 ppm. It is more indicative o f  the mineralisation in the bedrock here than 
in the former specie.
Over red loam soils along the same transect RB 9 in an area o f  low geo­
chemical values within the soil, twig samples o f  both  Acacia hereroensis and 
Dichrostachys cinerea contained slightly higher levels ol copper 13 ppm, zinc ol 
88  ppm and lead o f  6  ppm. This is situated near the fracture zone and is there­
fore significant.
Over calcrete and Nosib epidosite areas leaf and twig samples collected con­
tained background levels for the metals. Calcium conten t,  however, were higher in 
the samples from these areas.
Sampling along the rest o f  the transects on Asis revealed slight increases in 
the metal uptake by the plants in areas with increase in metal con ten t of the ground.
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Along transect RB 8, at 600 meters south, in the area o f  the fault zone (marked 
by stream bed and red brown loam soil), twig samples o f Acacia hereroensis con­
tain a slightly higher metal con ten t  o f  copper o f  10 ppm, zinc of 56 ppm and 
lead of 7 ppm . Twigs o f  D ichrostachys cinerea at this site contain a slight increase 
in the lead con ten t.  The biogeochemical analytical results for the transects RB 3 
to RB 14 are given in tables 39 to 50 (Appendix pp. to  3 0 s )
The investigations on Asis farm show that the metal concentrations in 
plant samples reflect those in bedrock, loam soils and calcrete as was the case in 
the previous study areas. It is likely tha t m inor near surface mineralisation is limited 
to the Tsumeb Abenab contac t rocks in the northern  part o f  Asis farm, and pos­
sibly along the fracture fault zone. No mineralisation appears to  occur within the 
epidosite rocks, or in the calcrete covered areas.
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CHAPTER 12
I N V E S T I G A T I O N S  I N  T H E  K O M B A T  S U I D
F A R M  A R E A
A few kilometers south  west o f  K om bat Mine and due west of Asis farm, 
the Kombat Suid farm occurs within the plain o f  the Otavi valley and is covered 
by a Low Tree and Shrub Savanna. This area is covered largely by thick loam 
soils and calcrete. There are few bedrock outcrops. No previous prospecting had 
been carried out in this area and during the present investigations no evidence
of mineralisation was observed at ground surface. Because o f  its position near to
Kom bat Mine and the surrounding mineralised areas, and to  the possible presence 
of mineralisation within th e  Tsumeb and Abenab dolomites underneath  the soil 
and calcrete cover, investigations were directed to  this area as a continuation o f 
the exploration programme. As the earlier investigations on Askevold South and 
Asis, indicated that  metal concentrations at dep th  within loam soils and calcrete
may be detected in samples o f  the deep rooting trees, a biogeochemical investi­
gation formed the main part o f  the  programme, instead o f  a geochemical investi­
gation which would only sample the surface level.
Ground reconnaissance revealed small outcrops o f  Tsumeb dolomite in the 
north eastern part o f  the farm and o f  Abenab dolom ite  in the north  central 
part (Fig. 45). A thick soil cover o f  brown red and grey loams occur in NW — SE 
bands across the farm (Fig. 45). Calcrete varying from a fine powdery to massive 
hardpan occurs in the central part o f  the farm. The soil and calcrete tend to  ob­
scure the lithological boundaries, therefore these have only been postulated on the 
geological and soil m ap o f  K om bat Suid (Fig. 45).
The Low Tree and Shrub Savanna vegetation includes a very thorny  dense 
bush mainly in the eastern part o f  K om bat Suid, and a less thorny  open bush 
in two main areas si retching across (he (arm in (he north and south (big. 46). The 
various plant communities follow the d il terent soil types. A very thorny dense 
bush containing various com m unities occur in areas o f  shallow soils and Abenab 
dolomite outcrops. A com m unity  of tall trees o f  Acacia hereroensis and 
D ichrostachys cinerea occurs in the northern  part o f  the  farm in the vicinity o f  
the Tsumeb dolomite. A nother com m unity  o f  Acacia hereroensis, D ichrostachys  
cinerea and C roton gratissimus which includes few R h u s  spp. and Euclea spp. 






































































Crete areas. A com m unity  o f D ichrostüchys  cUicrca and a com m unity  o f C onibretum  
spp. occur over the brow n, red loams in the north  east o f  the farm (Fig. 46). A 
less thorny open biisii containing an Acacia spp. and P eltop lion im  africauum  com­
munity follow areas o f  deeper soils (Fig. 46), particularly those with brown and 
grey loams.
During ground reconnaissance, a small open area with a few plants o f  
H elichrysum  leptolepis, (the copper indicator plant as found on Neuwerk farm) 
were found occupying shallow grey loam soils in the vicinity o f  the Abenab dolo­
mite boundary  in the n o rth  central part o f  Kom bat Suid farm (Fig. 46).
Biogeochemical sampling was carried out during the sum m er period over the 
long transects o f  2,000 to 3 ,000  meters (+ 1,200 miles) over the plain. Leaves 
and twigs o f  the widespread tree species Acacia hereroensis were collected along 
the transect RL 1 , 4 , 8 ,  12, and 16, laid ou t in a grid system running south  to 
north , with sampling at 30 meter intervals (Fig. 45). Samples o f  Dichrostachys. 
cinerea were not collected so as to reduce the cost o f  the biogeochemical explo­
ration programme.
Studies o f  the relationship between specie frequency and metal conten t o f  
Acacia hereroensis to determ ine background values on grey loam soils and calcrete 
were undertaken (Fig. 47 and Fig. 48). Background values for leaves and twigs 
were found to  be copper o f  10 ppm, lead o f  10 ppm and zinc o f 30 ppm, within 
samples collected over grey loam soils and calcrete.
Background values for metal con ten t within the leaves and twigs o f  Acacia  
hereroensis from samples collected from the red brown loam soils for Kombat 
Suid farm are the same as those for Askevold South farm, (Refer back to Fig. 35 
and 36) and are copper o f  10 ppm, lead o f  10 ppm and zinc o f  20 ppm. In 
general samples collected from transects RL 1 to RL 16 contain background metal 
levels (Tables 51 to 55, Appendix p. 3 0 6 —335). Several samples however have an in­
crease in the copper lead up take  and an especially larger increase in the zinc up­
take occurs. Along transect RL 4, a high content of copper o f  22 ppm, lead of 
16 ppm and zinc o f  80 ppm occurs within the twig samples collected over brown 
loam soils. It may be indicative o f  mineralisation within the Tsumeb dolomite 
beneath the soil cover and is significant for further investigation. Along transect 
RL 8 high values o f  copper 30 ppm, lead 15 ppm and zinc 75 ppm occur within 
leaf samples collected over grey loam soils and calcrete in the vicinity o f  the 
Abenab dolomite boundary , and near the area o f  H elichrysum  leptolepis  occurrence.
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FIG. 47 Metal content frequency o f  Acacia hereroensis leaves on grey loam soil and calcrete
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FIG. 48  . Metal content frequency o f  Acacia hereroensis twigs on grey loam soil and calcrete
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Also along transect RL 12 high values o f  copper 20 ppm, lead 10 ppm and zinc 
40 ppm occur in leaf samples collected over grey loam soils and calcrete in the 
vicinity o f  the Abenab dolom ite  boundary . This may be indicative o f minor 
mineralisation within the Tsumeb Abenab dolom ite contac t rocks. The biogeo- 
chemical investigation o f  this study area showed to be an effective means to in­
dicate areas of possible mineralisation within bedrock covered by soils and calcrete. 
Even though calcrete appears to hinder the availability o f  the metals for uptake 
by the plants, high concentrations o f  metals (ore bodies) will nevertheless be per­
ceived by the plants.
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PART 3
T H E  O T A V I - T S U M E B  W E S T  A R E A  
CHAPTER 13
S E L E C T I O N  O F  A R E A S  F O R  I N V E S T I G A T I O N
Reconnaissance in the Otavi Mountainland north  west o f  Otavi Town and 
within the Tsumeb West District, revealed the presence o f  mineralisation within 
the Kudib Valley area. Here sporadic copper lead mineralisation occurred within 
the Tsumeb Stage dolomites. As a continuation  o f  the exploration programme 
carried out east o f  Otavi tow n, geochemical, gcobotanical and biogeochemical 
investigations were therefore undertaken  to determine the relationship between the 
vegetation and nature o f  calcareous bedrock and soils and to possible extension 
of mineralisation.
Towards Tsumeb Town, in the  Hoias farm area, the presence o f  pan 
and sinkhole features were o f  interest because o f  the similar nature and possible 
relationship to the mineralised pipe structure at Tsumeb Mine. Geochemical and 
biogeochemical investigations were carried out over the large pan feature on 
Hoias farm to determine any relationship between the sparse vegetation on the 
pan and possible metal concentrations below surface.
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CHAPTER 14
I N V E S T I G A T I O N S  I N  T H E  K U D I B  V A L L E Y  A R E A
The Kudib valley area is situated approxim ately  27 kilometers (17 miles) 
north  west o f  Otavi town within the Kudib Range o f hills o f  the Otavi M ountain­
land. It includes Kudib farm occupying the valley and Goab Pforte farm in the 
level plain to the west. An Open Low Savanna Woodland covers these 1,710 
meter (5,700 ft) high rugged dolom itic range o f  hills, while a Low Tree and Shrub 
Savanna is found within the soil covered valley and surrounding plains. Several 
small streams weakly drain the Kudib valley.
Prior to the present investigation a prospecting reconnaissance o f the area 
had disclosed the presence o f  sporadic copper and lead mineralisation within the 
Tsumeb dolomites on the eastern and western facing slopes of the Kudib range 
at the boundary  between Kudib and Goab Pforte farms. This occurrence of 
mineralisation stimulated an exploration programme for this area in order to deter­
mine the ex tent o f  the mineralisation and its possible expression in the vegetation. 
Geobotanical, biochemical and geochemical investigations formed an integrated part 
of this programme.
During the present reconnaissance of the  area, rocks o f  the middle Tsumeb 
Substage, the Tr. 4a Light Grey massive dolomite, and the Tr. 4b highly silicified 
grey massive and partly bedded dolomite were found forming the Kudib Range 
(Fig. 3). Evidence o f  mineralisation in the sporadic presence o f  malachite, chryso- 
colla and galena minerals occurred in the Tr. 4a dolom ite associated with 
NE — SW fractures in the area. The Kudib Valley and surrounding plains are 
covered by relatively thick sandy and loamy soils underlain by the Tr. 4 dolomites.
The Open Low Savanna Woodland characterises the range and is composed 
o f tall trees o f  the Terrninalia prunioidcs, Kirkia acum inata, Com m iphora pyra- 
canlhoidcs and Morinya ovalifolia  association. The Terrninalia sericca, T. prufiioides, 
C om brcium  apicidatum  and C olophosperm um  m opane  association occurs on the 
foothills and sand covered dolom ite in the Kudib Valley (Pig. 49). Within the 
latter association in the  valley patches o f  Terminalia sericea and C om bretum  api- 
cula tum , exhibiting a low shrub form of growth, occur. O ther areas contain pa t­
ches in which C om bretum  apiculatum  and C olophosperm um  m opane  form a 
com m unity  and where Terminalia sericea and C olophosperm um  m opane  form a 
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longipeduculata  trees are found scattered along the base of the hills in the Kudib
X
Valley. L i t ^  grass cover occurs in the valley.
A Low Tree and Shrub Savanna occurs within the level plain, north  west
part o f  the valley and Goab Pforte farm. It consists o f  a very dense bush o f 
Acacia spp., Grewia jlavesceus, D ichrostachys cinerea, X im enia  caffra, C om bretum  
im berbe  and M aytenus heterophylla .
Several small open areas with patches o f  H elichrysum  leptolepis  occur within 
the sandy soil in the Kudib valley and Goab Pforte farm (Fig. 49). However these 
areas do not coincide with areas o f  known outcrop  copper and lead mineralisation 
in contrast to the occurrence on Neuwerk farm.
Copper levels in the soil are low throughout the Kudib Valley area. A slight 
increase however occurs in the sandy soils in the vicinity o f  the known mineralisa-. 
tion in the Kudib Valley and near transect G 61 (Fig. 50). Lead values in the 
soil are of the same magnitude as found in mineralised areas on Neuwerk, Askevold 
South and Asis farms. Relatively high lead values o f 100—200 ppm. occur in the 
vicinity o f  mineralisation in the Kudib Valley and along Goab Pforte and Usib farm
boundary  (Fig, 51). The high lead values occur in the same areas o f high copper
and zinc values. Zinc values in the soil are also relatively high a t 100—300 ppm, 
in this same area (Fig. 52). These are o f  the same magnitude as those found 
on mineralised areas on Neuwerk and Asis farms. Mercury levels in the soil along 
transect 1, show high values o f  500 ppb (parts per billion) coinciding with high 
values o f zinc and lead (Table 56). The geochemical investigations have detected 
a lead, zinc mineralisation within the Tsumeb dolomite.
The biogeochemical investigation included leaf and twig sampling along 9 
short transects during the winter and sum m er m onths  in the Kudib valley and on 
the level plain and the range on Goab Pforte. On Kudib farm transects 56, 57, 58, 
59 and 60 were sampled across the areas o f  known copper and lead mineralisation 
within the dolomite. Two short transects were sampled in the vicinity o f  open 
areas where the plant indicator, H elichrysum  leptolepis  occurs (Pig. 49 and 50) 
(Plate SZ/70.10). Along the Goab Pforte, Uisib farm boundary  sampling occurred 
along transect 1 over the dolom ite  range with known mineralisation. I he second, 
transect 34 was sampled across ano ther area with presence o f  H elichrysum  lep to­
lepis.
Along transects G 56, 57, 58, 59 and 60 twigs o f the species Kirkia  
acum inata, Sclerocarya caffra, Terminalia prunioides  and C om bretum  apiculatum .
27
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PLA TE S Z /7 0 .1 0
K U D I B  V A L L E Y
The dolomitic Kudib Range in background. 
Small growth of Combretum apiculatum, 
Terminalia sericea and few scattered 
plants of Helichrysum leptolepis in the fore­
ground.
32
C olopliospenini mopane, Terminalia sericea were sampled during the winter months. 
The former group o f  species were collected because o f their occurrence at the 
base o f the range and proximity to the mineralisation. The latter group were col­
lected in the patches o f  low shrub growth near the mineralised areas.
Studies o f  the relationship between specie frequency and metal conten t o f
C om bretum  apiculatum  and Kirkia acum inata  were undertaken to determine back­
ground values on sandy soils (Fig. 53 and 54). Background values o f 10 ppm
copper and 10 ppm lead for bo th  species were obtained. These are the same as
those for Acacia hereroensis and D ichrostachys cinerea growing on brown loam 
soils. C om bretum  apiculatum  has a background value o f  20 ppm o f  zinc, while 
Kirkia acum inata  has a larger uptake o f zinc of 50 ppm for background value.
60
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FIG. 54 Métal content frequency o f  Kirkia acuminata twigs on sany soils
Both the species C om bretum  apiculatum  and Kirkia acum inata  contain high 
lead and zinc levels within their twig samples collected along the transects G 56 
to  G 60, within the sandy valley where slight increase in the lead and zinc con­
tent o f  the soil occurs (Fig. 55 to 58). At the base o f  the dolomite range in 
proxim ity o f  the mineralisation twigs o f  Kirkia acum inata  contain high zinc o f 70 
ppm on transect G 56 and fracture zone. Along transect G 57 twigs o f  C om bretum  
apiculatum  contain high lead o f  50 ppm and zinc o f 110 ppm, in the samples col­
lected in the valley in the area o f slight increase in lead and zinc conten t in the 
soil. At the same site twigs o f  Kirkia acum inata  contain high lead o f  30 ppm and 
zinc o f 130 ppm. Along transect G 58 twigs o f  C om bretum  apiculatum  contain 
high lead o f 35 ppm while twigs o f Kirkia acum inata  contain high zinc o f  70 ppm 
within the samples collected in (he valley in (he proximi(y o f  (he anomalous area 
o f transect G 57. Along transect G 59, a high zinc of 60 ppm conten t occurs in 
the twigs of C om bretum  apiculatum  and a high zinc o f  80 ppm occurs in the twigs 
o f  Kirkia acum inata  in the vicinty o f the anomalous areas o f  G 57 and G 58.
Along G 60, high zinc o f 95 ppm occurs within the twigs o f Kirkia acum inata
60 6
from samples taken in the valley (Table Appendix p. 33'=|).  These investigations 
suggest lead and zinc mineralisation within the bedrock beneath the shallow sandy 
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C olophosperum  m opane  Association. The species Sclerocarya caffra, Tenninalia  
pnim oides, T. sericea and Colophosperum  m opane  contained background values 
throughout the area covered by the transects.
In local areas where the plant indicator U elichrysum  leptolepis occurs, 
transects 34, 35 and 61 were carried ou t in order to  determine the relationship 
between the presence o f the indicator plant and the metal content within the 
leaves and twigs o f the selected species. Along transect 34, twigs o f  Terminalia 
sericea contained high lead o f  24 ppm in the area where the indicator plant was 
present (Tables 58 and 59). Along transect 35, high lead o f  30 ppm occurred 
within the twigs o f Terminalia sericea also in the area where the indicator plant 
was present. Slight increases in the lead uptake also occurred in the species 
Grewia flavescens and Coinbreturn apiculatum. Along transect 61 high zinc o f  95 
ppm was found within the twigs o f  Kirkia acum inata  in areas where the plant 
indicator H clichrysum  leptolepis was present. Thus the presence o f the plant indi­
cator suggests mineralisation in the near v ic in ity-(Table 6 0 , -Appendix p. 338-)--
Along the Goab Pforte — Usib farm boundary, transect 1 was carried out, 
over the dolom ite range to cross the area with mineralisation. Little soil cover is 
present. This transect ^ u t  across the Terminalia prunioides C om bretum  apiculatum  
com m unity  on the lower slopes and Terminalia prunioides C om m iphora spp. com ­
m unity  on the higher slopes and crest o f  the range. No H elichrysum  leptolepis
plants were found in this area. Mineralisation was located by the Kirkia acum inata  
trees where the twig conten t o f  copper o f  50 ppm, lead o f  15 ppm and zinc o f 
83 ppm occurred in areas with increase metal con ten t in soil and bedrock (Table 
56L
Investigations carried out in the Kudib Valley area revealed a close relation­
ship between the vegetation and nature of soils and bedrock. Biogeochemical and 
geochemical investigations revealed high lead and zinc contents  within the plant 
tissue o f  the species C om bretum  apiculatum , Kirkia acum inata  and Terminalia 




I N V E S T I G A T I O N S  I N  T H E  H O I A S  F A R M  A R E A
The Hoias farm area is situated within the thick calcrete and soil covered 
level plain, north west o f  the Otavi Mountainland and lies 48 kilometers (30 miles) 
north  o f  Otavi town and several kilometers to the west o f  Tsumeb tow n (Fig. 4).
A Low Tree Shrub Savanna occurs on this plain which contains scattered pans of 
varying sizes. Towards the north  eastern part o f  Hoias farm a large pan (610 x 
180 meters) occurs associated with much breccia a f  surface. It has been postulated 
that some o f  these pan features could be pipe structures with associated mineralisa­
tion similar to that at the Tsumeb Mine. The large pan feature on Hoias stimulated 
exploration in the area. Biogeochemical investigations formed part o f  the exploration 
programme.
A detailed study o f  this farm area revealed very little outcrop o f  bedrock 
o f  Tsumeb Substage light grey massive dolomite Tr. 5. Thick grey clay and calcrete 
(fine to  massive hardpan variety) covers most o f  the farm while the adjacent farms 
have a red brown sandy and gravelly soil cover (Fig. 59). The large pan is asso­
ciated with calcrete breccias and sinkhole conglomerate similar to that found at 
Guinas lake.
A Low Tree and Shrub Savanna occurs as an open bush throughout the 
farm. It is characterised by C om bretum  im berbe and D ichrostacbys cinerea trees 
and Grewia flavescens shrubs. Scattered trees o f  Terminalia sericea occur suggesting 
local small patches of sandy soils. The vegetation over the pan feature is more 
open but a few scattered trees o f  D ichrostacbys cinerea, C om bretum  im berbe  and 
R higosum  sp. occur. The herbaceous plant Polycarpae sp. was notable only occur­
ring on the pan. The indicator plant H elichrysum  leptolepis was not found any­
where on the farm.
Several soil samples from (he pan showed high levels o f  lead in soil o f  
100 ppm and high zinc in soil 110 ppm. In the surrounding areas the copper, 
lead and zinc content o f  soil were o f  background values as that found on Drie- 
koppies and Asis farms east o f  Otavi.
Biogeochemical investigations occurred along two short transects 6 and 7 
over the pan feature and surrounding areas (Fig. 59). Leaves o f  C om bretum  
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species growing on the pan and adjacent area (Table 61). Along transect 6 high 
copper o f  31 ppm, zinc o f 53 ppm and lead o f  14 ppm, occurred within the 
leaves o f DiclirostacJiys cinerea collected over the pan in area o f  increase metal 
content within the calcrete. Since only one sample indicated an increase in the 
metal uptake o f  the plant, further investigations need to be undertaken here. 
These investigations need to determine w hether the pan feature is mineralised or 
w hether metals are deposited by the subsurface water, which is suspected to be 




C O N C L U S I O N
Investigations carried out in the Otavi Mountainland bo th  north  west and 
east o f  Otavi town, show a direct relationship between the vegetation associations 
and the lithological units o f  the Dainara System and Nosib Form ation. These in­
vestigations revealed that mineralisation occurring within the lithological units and 
the various soil types and calcrete are reflected within the trees and shrubs of 
the plant associations.
G eobotany  is considered a useful method in the exploration programme.
The presence o f  certain species indicate particular geological horizons, such as the 
dense belt o f  D ichrostachys cinerea trees occurring on the epidosite o f  the Nosib 
Abenab contact rocks, enabled the follow up o f the continuation o f the mineralised 
epidosite on the farms Neuwerk, Driekoppies, Askevold South and Asis east of 
Otavi. Terminalia sericea and C om bretum  apiculatum  trees are indicators o f  sandy 
areas as that in the Kudib Valley area. Acacia spp., and Catophractes alexandrii 
are indicators o f calcrete areas. During the study o f the distribution o f  the plant 
associations and individual species, a possible plant indicator H elichrysum  leptolepis  
was found. In the Neuwerk and Kudib Valley farm areas, the presence of 
H elichrysum  leptolepis  coincides with the presence o f  copper, lead and zinc mineral­
isation within the soils and bedrock.
The role o f  geochemistry is considered as one o f  the best methods to  de­
termine metal concentrations within soils and bedrock. The fairly rapid m ethod 
o f collecting the soil samples for analysis makes it preferable to the biogeochemical 
method in the exploration programme. Geochemical investigations have revealed a 
100 meter long mineralised epidosite at the base o f  the Ilartbecspoort range on 
Driekoppies farm. The fine powdery to hard compact calcrete and its variable 
thickness have hindered geochemical investigations in that it made digging and dril­
ling operations extremely difficult.
Biogeochemical investigations may be considered effective and complimenting 
the geochemical methods. Investigations reveal larger metal content within the 
leaves and twigs o f  the selected species collected over mineralised bedrock, loamy 
and sandy soils. A lower metal content occurs within plants collected over cal-
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Crete areas. Eventhough calcrete appears to hinder the availability o f  metals for up­
take by the plants, mineralisation will nevertheless be perceived by the plants 
(Table 15).
Leaf samples contain slightly larger am ounts o f  metal than twig samples. 
Twig samples collected both  during summer and winter showed more or less the 
same metal concentrations (Table 38). The leaves and twigs o f  the species Acacia 
hereroensis, D ichrostachys cinerea, C om bretum  apiculatum  and Kirkia acum inata  
show background metal conten t values o f copper 10 ppm, lead o f 10 ppm and 
zinc 2 0 —30 ppm. These species have in several localities shown anomalous copper, 
lead and zinc values within leaf and twig tissues and thereby suggest areas o f  
mineralisation which has been discussed in earlier chapters o f  the thesis. The bio­
geochemical investigations, include field collecting o f the samples and analytical 
procedures, which take a longer time to carry out and is a more expensive proce­
dure in the exploration programme. A nother drawback of this type o f  investigation 
is that the pattern  of mineralisation shown by the plants is overall not more ac­
curate than that obtained by the conventional geochemical investigation.
Further investigation on individual species and their metal uptake are neces­
sary for a fuller understanding of the environment.
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A P P E N D I X
(1) PLANT SPECIES LIST F O R  TH E OTAVI MOUNTAINLAND
The following plant species have been encountered during the investigations 
in the Otavi Mountainland.
1. Trees and Shrubs 
ANARCARDIACEAE






Catophractes alexandri D. Don.
BURSERACEAE
Commiphora glauccscens Engl.
C. mollis (oliv.) Engl.
C. pyracanthoides Engl.
CAPPARACEAE
Boscia albitrunca (Burch) Gilg + Ben.
B. foetida Schinz.
CELASTRACEAE





C. imberbe Warwa 
Terminalia prunioides Laws.





Ehretia regicla (Thum b) Druce.
EUPHORBIACEAE









A. karroo Hay ne.
A. mellifera (Vahl) Benth.
A. nilotica (L.) Willd. ex Del.
A. reficiens Wawra + Peyr.
Albizia anthelmintica (A. Rich.) Brongn.
Dichrostachys cinerea (1.) Wight + Arn.
Caesalpiniaceae:
Burkea africana Hook.
Colophospermum mopane (kirk ex Benth) Kirk ex J, Leon. 
Peltophorum africanum Sond.
Papilionaccae:
Lonchocarpus melsii (Schinz) Schinz ex Hecring + Griinmc.
MALVACEAE























Cissus nymphaeifolia (Welw. ex Baker) Planch. 
Cyphostemma ju t tae  (Dinter + Gilg) Desc.
URTICEAE




Aristida congesta Roem et Schult.






Cymbopogon excavatus (Hochst.) Stapf. 
Dichanthium papillosum (Hochst.) Stapf. 
Digitaria eriantha Steud.














Urochloroa balbodes (Steud) Stapf.
3. Forbs and herbs
ACANTHACEAE 
Barleria kaloxytona Lindau.
Barleria sp. No. 5158 
Blepharis leendertzide Oberm.
Hypoestus verticillaris (Linn, f.) R. Br. 
Petalidium variable (Engl.) C.B. Clarke.




A chyranthus sicula L.
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Cyphocarpa angustit'olia Lopr. 
Leucosphaera bainsii (Hook) Gilg.





Cl CO me SLiffruiticosa Schinz.
COMPOSITAE
Dicoma sp. No. 7012 
Gcigcria ornativa O. Hoffm.
Helichrysum leptolepis DC.
Hirpicium gazanioides (Harvey) Roessler. 
Osteospermum muricatum E. Mey. 
Schistostephium sp. No. 5155.
Senecio longillorus Sch. Bip.







Leu cas pechuelii (kantz) Giirke.
LEGUMINOSAE
Indigol'era (lavicans Baker.
Rhynchosia sp. No. 5063.
Tephoria dregeana E. Meyer.
LILIACEAE




Ncsaea rigidula (Sond.) Koehne.
MALVACEAE
Hibiscus cacsius Gurke.












A ptosimum arenarium Engl.
Peliostomum leucorrhizum E. Meyer ex Bentham. 
Sut era lypcrioides (Engl.) Engl, ex Range.
SOLANACEAE
Solanum catombelense Peyr. Wawra + Peyr.
S. delagoense Dunal.
S. kwebense N.E. Br.
S IER CU LIA C EA E
Hermannia damarana Bak.
Melhania did y ma Ecklon + Zey.
M. griquensis Bolus.
M. o tata  var. oblongata Hochst ex K. Schum. 
VELLOZIACEAE
Xerophyta humilis (Baker) Dur. + Schinz.
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VERBENACEAE
Lan tana rugosa Thum b.
ZYGOPHYLLACEAE
Tribulus zeyhcri Sond.
Unidentified specie No. 7013 
Unidentified specie No. 7020
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(2) METHOD OF BIOGEOCHEMICAL ANALYSIS BY MEANS OF THE 
ATOMIC ABSORPTION SPECTROPHOTOMETER
In the order to deal with large quantities o f  the leaf and twig samples 
o f  the selected species, a rapid m ethod o f  analysis by means o f  the Atomic 
Absorption Spectrophotom eter was used. Soil analysis was carried ou t  by  the 
Falconbridge Exploration Company, S.A. Africa, Johannesburg laboratory, while 
plant analysis was carried ou t bo th  at the Johannesburg laboratory and Bedford
College laboratory in London.
The following method is considered as reliable for the determination o f 
the metals copper, lead, zinc, cobalt, manganese, iron, calcium and magnesium
within the plant material used during the investigations.
A Dry Weight Analytical Method
Step 1. Weigh 50 ml. beaker.
Step 2. Fill beaker with plant material, the leaf or twig sample.
Step 3. Reweigh beaker with contents  and determine dry weight o f  sample.
Step 4. Beaker is placed in a muffle furnace (a Wild Barfield M 33 model
was used) and sample is fully ashed at a Tem perature o f 4 2 5 ° C 
until no carbon remains. This process generally takes 12—14 hours 
for the plant samples.
Step 5. Reweigh cooled beaker with ash and determine weight of the ash.
Step 6. Calculate % ash by means o f  the formulae
Asjl_W çis!ll X 100 = % Ash 
Dry Weight
Step 7. 0.1 gram of ash is placed in test tube to which is added 10 mis
o f  2.4 N Nitric Acid. Test tube with contents  is heated in a water 
bath at 95°C  for 1^/2 hours for complete digestion o f sample.
Step 8. Cool a I room lemperalure and melal con I en I dclcrminalion o f  sample
is carried oui by means of the Atomic Absorption Spectrophotom eter. 
The Shandon Southern Inst. Ltd. Model No. A 3000 was used.
Step 9. From readings obtained, ppm. (parts per million) ash content is calcu­
lated by means o f  the formulae 
mg/ml metal reading x ml solution (10 ml UNO)
Weight o f  sample (O.I gm)
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Step 10. The ppm metal content in the Dry weight o f  sample is calculated by 
means o f
































































3 O O O O O o O CD CD CD CD CD CD O CD CDN "=t 3" 3- 3- 3 3 3 3 3 3 3 3 3 3 3 3
3 O O O O CD O O CD CD CD O CD CD CD CD CDU o O O O CD o CD O CD CD CD CD O O CD CD
0 4 O l O l 0 4
03 03 03 03 03
E' s E Ë E
_ g _ o _ o _ o _ o
o o o o o
Q a a Q Q
o 03 03 03 X ) X 03 03 ou Ou 03 03 X X X OU
(U 03 03 03 cd 03 03 03 ou 03 03 cd 03
k . c: C l - i U . L- U i C £eu _çu eu 03 ou 03 a eu JU 03 eu eu 03 _ o
C3 r t rt Cd -5 X cd cd Cd Cd cd cd X Cd
U U U U < < U U U U U U < H H U
(N oo O' oo 3 3 3 r4 O' 3 0 0 ON '
3 3 ro NO 3" NO oo CD rq 3 G) O vO CD rq o ONeu, ro c-^i oi oi CN CD ON CD NO oi CON CD oi *-—4 ro
ro C^J NO oo 3 04 oo 0 0 3 0 4 X O' 3 X 0 0
3 ro 3; rq 3" O' NO O' X O n ON CD rq — ON
N CD (N CD (N CD 3 oo ro X O l oi CD oi X oiC4
ro ro 3 O' 3 3 O oo C7N
3 O CX3 04 ’—' rq ro 3 3 NO o O' oq X COn
U O ro cri oo oô CD oi NO oo OCJ O'i rd NO 3 oi ro
33 O O O CD CD O o O CD CD CD CD o CD CD CDeu LO oo oo oo oo O CD oo CD CD CD e n X X X (DO CD r 1 0 4
o O O o o CD O CD CD O CD CD CD CD CD CD
N o O oo O oo O CD oo oo CD O o X X CD CD•■n r 1 r 1 ri O l 0 4 r 1 r 1 r 4 r 1 ro n r 1 r 4
3 O O O CD o CD CD CD CD CD CD o CD CD CD CD
U oo oo O O O CD CD CD CD CD CD X CD CD O CD
0 4 04 04
r- n ro O' O ' r- 3 oo C7n OO CTn
NO r 1 QN r 1 —< CD rq ro 3 3 NO CD O ' OO X ON
NO >r, 3-’ «r, 'O O 1 ' NO 'n od r- NO NO 3 o ro
•
ùO ùO cn
OU 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03s > > > > > > > > > > > > > > > >
d Cd Cd Cd Cd cd rt cd Cd cd cd cd Cd cd cd CdrH 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 ei3
O , U k4 H-l J J _l H-) K-l U hJ kJ u U U
W I3J w w W w W tu tu tu tuoo oo oo O CD oo CD e n X X o CD X
OJ Z z z z"^ Z^ Z Z z Z Z c/f co cA GO GO c/fo o o o CD o o o CD CD CD CD CD CD CD•H ro NO ON 04 oo oo 3 O ' X ON X 3 O' OC/J CN 0 4 XI 3 CN X X
O l OO NO OO o (N 3 X oo m X CD CN 3





































, ' o  i O O o o
i
o GT 1o o O
3 3 3 3 3
1
3 3 3 3 3  1 3 3
O O o O O O O O o o O O o o O
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
O O O O O O O O O o O O O o O
O O o O O O O O O o o O O o O
p p p P
G F F
O o o o
o o o o
Û û û D
X P OJ OJ OJ QJ <v OJ OJ QJ p p J p X X
cd OJ OJ p OJ OJ OJ OJ OJ p p p cd cd
C p p p p p p p C G u
<D o o o CJ CJ u CJ CJ CJ p H P P p
JO cd cd cd cd cd cd cd cd cd cd cd X -F
< U U U U U U U U U U U <
OO o 0 4 3 CTN O O O o o X oo 00 r o
3 00 ON 3 X CJ o CTN 3 04 o X X
ro cd 0 4 o o O 'i o i 00 ON ON O o O l as
0 4
O X X 3 CTN X o o 3 O ' X X X X
Os 3 O CTN 3 o X 3 X CTn 3 04 (_J 3 r q
O ' O X O oo X X X CTN CTN O X cd CTN
04
X r - O ' X o o X o O X O l X 04
CTN ’—1 3 3 X X oo X ON 3 O l o 3 04
X cd X X O ' o X 00 CTn CTn o X oo X
O o O O o o o o o O O o o o O
X o o O X o X O o O O o O X X
0 4 0 4 0  4 0 4 O l
o o O O o O O O o O O o O o Oo X X O X O o O o O C_J o X C J X
r  1 r  1 r  i O 1 X O l o  1 o  1
o o O O o O O O o O O o O o Oo o o O o o o X o O O o X o o
0  4
X o o X X o o O X 3 X O l
CTN 3 3 X O 00 o ON 3 O l O 3 O l
X oo X X O ' X X o oo CTN CTN o O oo X
t/l t/1 t/1 00 t/1 t/1 t/1
OJ 0» OJ OJ OJ OJ QJ OJ OJ p P p p p p
> > > > > > > > > > > > > > >
cd cd cd cd cd cd cd cd cd cd cd cd cd cd cd
OJ OJ OJ OJ OJ OJ OJ OJ OJ p P OJ p p p
kJ h4 hJ H-1 p J H-l P l M-l p 4 p J p | p J p | p | p 4
LU tu tu tu tu tu tu tu tu tuO O C_J X X O X O O O O O O O
Z Z z z z c/f C/T c / f c/f c o cd cd c o cd cdo o o CJ o o C_) o o o o o o o o
X oo 3 o X O l X 00 3 O ' CJ) X X
0 4 0 4 O ) 04 (N (N X X X
X X O ' as 0 4 X X X O oo as o (N









































r - l  O  










o o o o o o
(/] o o oo o o o o




















oooV O oVO oo
g



































oo o o oo







































r - i  o  
rH  -4J










oTj- o-O o oo 0 ) 0 0  o  o  oI I t J- T f- T f oO ' o o
r H
o o o oT}- oo o  oo o o o o o o o oo




oo oooo oo oo oo oo oo oo
on
JO





































Oo oo oo oo oo oooo oto oo o oo oo oo oto oo oo
oo
r  J
oo oo otoot o oo oo oor  I























oo o oo o o oo o oo t o oo o o
COo  r  Io o oONm













































































O  0) • r-l 0) 
rH



































































1 1 1 1 1 1 ,




'o '5 o 'o O ' oin CO CO CO CO CO
or-H
£ £ £ £ £ £ COrt 73 rt cd cd 1
o O o o O O £
hJ U mJ Z Z cd
O
C d c c c c Z
U o o o o o oL-.
PI CQ CO CO CO 00 CO 01:
o 0 0 NO ON d ' o to
X ) ro ON LO ro (N r-j
Dh NO NO tiO r e NO d
t: NO NO o 0 0 oo re
eu c O n ON NO rq ON




3 00 ro Tj- 0 0 _ to ro
u 0 0 r~ ro (ON CD O
0 0 oo Z t—1 NO
J3 o o O o
.. , 
o O O
CL, oo 0 0 OO ro 0 0 0 0 to
-d o o o O o o O
« 3 o o o O o to o
N re r  1 r e r e r e
B
o .CL
o o o o o o CDp. o o r'l tn oo r e 0 0
u
. d oo ro tn ON Tj- 0 0
0 0 r - ON ON oq oo C3N
1,
o6 NO z Z d OO
C4
o in(U 43 43 43 43 43 43
> > > > > > >
d cd cd cd Cd Cd Cd Cdd 11' <u OJ 43 43 43 43 43
rt r -( rJ z Z Z z:xhCL,
d tu W w z W
u O t n O LO O to CD
ru
Ü Z z' z z Z z z
03 o o o o o o CD
r - 03 ro o r~ 0 0 to
r— H-> o o o ON CON
o •H ru r e re ri r e
o 0 3























































oo oooo oo ooo ooo oo o00 oo oo ooooX)0_












































































o 'X oX o |X 1 oX orH (3X
c 1 1 1 1 1 I I 1 1 1 1 1 1 1 1 1 1 1 1 1 1
N
3 o o o o o o O o o (3 o o o o o o o o o o oU NO X X X X X X X X X X X X 'O X X o o o o o
X
<
; , 4 *—< 'o 'o 'o '6 'o 'o 'o ‘o 'o ‘o 'o 'o 'o
'o 'o o o CO CO X X X CO CO CO X CO L O CO CO
CO 00 CO CO o o o o
e E E E E E E E E E CQ 00 CO CQg £ £ £ 03 03 03 03 03 a 3 03 03 3 03 c3 c3
O o o o o O o o o o o o o E £ c E
o o O o U U J z z Z z z z z z z z c3 ■ S 03 03U J U u c c 3 3 3 3 3 3 3 3 3 3 z z z z
>. > , > ,
(U (U o o o O o O O o o o p o o o ■o X 3 3)u Lh L, d)
a O Ü Ü pq PQ PÛ cS pq PÛ CQ CQ CQ CQ CQ CQ CQ Pci
ON r) o X X C3N X X o oo X 3 X X X X 3
X ON oq —; rq X X C3 o X X X oq X rq X X p oo oq pCu ON o r  i X X X ON 3- 3 NO NO NO NO X NO X 3 X X
ro n O X X ON X X X X NO o X X X 3 X 3
N ro 00 X X '3' X o o C3 ri X X rq X X o NO p
00 0(3 r^ (3 ri X ON 00 (On (On (3 o6 <3 3 ON <3 z CD ri 3 X
X X r- X X X OO X O ON 00 X NO 3 NO o X X NO
3 rH X o X X cq NO NO O ON X oo 00 NO X oo o X 3
u Tf- X ro X ri X Z ON X ON o 00 ri ON X 00 X 3 On cd T—«
o o O o o o o o O o o o o o (3 o o o o o o
X r I o O o o o CO 00 OO X X oo 00 oo o X o o oo o o
Cl
o o O o o o o o o o o o o o o o o o o o o
3 o o O o o o o o 00 o o X 3 X X oo X o X o
N X X
3 o o O o o o o o (3 o o o o o o o o o o o o
u lO oo X X o o X X o X X X X X X X o X X X
X
ro n o X X ON o o 3" o NO X X X X ON X X X 3
ro oq rq X X rq o ■—' ’—' X r 1 X oo in o <3 oo p
CO r-* r- <3 r i X ON CO I—* ON (ON oo o6 0(j NO NO NO X NO X X
'
c/) CO t/1 c/1 c/1
ÜJ <u 0) OJ (D (U (U o> d) (U (U (U (L) d) d) cu d) OJ (U d) d)
> > > > > > > > > > > > > > > > > > > > >
q C3 03 03 03 03 03 03 oJ 03 03 03 (33 03 103 (03 03 (33 o3 03 03 (03lu (U •V OJ (U D <u CL) 1) (U <u d> (U <u d) (U d) (L) d) d) (U
rH V-l lJ u hJ *-) z Z z z z z z z z z z z z z z
CL
W PJ UJ tu UJ UJ z w w z z z z zlO o O X X X X o X o o o o o o o X X X X X
z Z z z z z z Z z z z T z z P z z z z z z z z• o o o o o (3 (3 o X o o o o o (3 X o o o o o
CD -3" oo X X o \ NO X X X NO X 3 00 NO X r-l ON X o4-> X X X X X Tj- 3" X X X X X X X X X
■H CN (N (N r 'l X X X X X X X X X X X X X X X X X
U1
ON X X X (On X 3" X X IX) ON o X 3 X oo X
X X X X X X X X X X X X X 3 3
( /:t.i

















































3 O o o o o o o o o o o o o o o o o o o o
U O o X X X X X X X X X X X X X X X X X X
0!
p
.h 'o "o 'o 'o o
t X o X X X Xo o O o o o o X o o 'o o
[£ e n X X X X X X E X E E X X X
o E E E E £ E E 3o 3 E 3q 3q 3q 3o E E E3 3 3 3 3 3 3 z o 3 z z z z 3 3 3





oz oz c z
o
z c p c c z oz oz z z z
■Xi
CJ z Z z z V z z o dl z o o o •d -d >.dl dl >sd) d) dl d) p dl Ui dl dl dl dl u
et CQ ûC Z z z z cQ CQ ü cQ CQ CQ CQ z CQ CQ CQ ü ü o
00 X X X X X X X o ON X 3 o X z X X o ,
z oq X r-’ o X X p X X X X z X X o X o X  1z NO X NO 00 X ON 3 3 X) X X X NO r ô X X X 3 X X
O X X X X X X 3 X 3 3 X o X z 3 X X o




X X 3 X O n X X 3 X X X 3 X X X X o 3 X o3 X o X o z X X r i X X X X X X X X 3 X X X
U o oô X 00 X X oô z X X ON ON oô NO X oô ON ci X oô
o o O o o o o o o o o o o o o o o o o oz o o 00 o o X X X X X X X X X X X X X X Xz
.3 o o o o o o o o o o o o o o o o o o o o
(fi o X o o o o o X X X X X o X o o o o X o




o o o o o o o o o o o o o o o o o o o o
Q X X oo o X X X X X o X X o o o X X X X X
z X 00 ON X X X ON X X X 3 z X X X z X X X X
X X p o X X z X X X X X X X X X X z X r  i
NO X X oo X oô X ON oô X X NO oô nD X X NO oô NO X
c. l/l t/l l/l 1/1 t/l
dl d) d) dl dl dl dl (U dl dl dl dl dl dl dl dl dl dl dl
> > > > > > > > > > > > > > > > > > > >*■1 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3f- t',1 dl d> dl dl dl dl dl dl dl dl dl dl dl 11 dl dl dl dl dl
d z Z Z Z z z z z z z z z z z z z z z z z zz z
q Z z z z z z z z z z z z z z
X O O X X o X o X o o X o X X o o X X o
X X r i
u Z Z Z z z z z z z z z z z z z z z z z zo o o o o o o o o o o o o o o o o o o o o
r - m X 3 00 X 3 X X 3 X X X ON z X O n z X o
r— 4-> O n ON ON 0 0 X X X ON X X z z z X X X 3 3 3 3o •Ho en
o 3 Z oo X 3 X X ON o X X 3 X z X ON o3 3 3 X X X X X X z z z z z z z z z X X
ce I—l

























































Oen CN 1 1 1 1 1 1 1 1 1 1 1 1
Ra
a
d o O o o o o o O o o O OU o o o X X X X X X X X X )X
p
3
OJ jd z pZ o u u d o Ot  ‘
£ X X X _o 'o 'o 'o 'o o X X
t—' _o j n _ u CJ fc/J X X X X X p
o o 3 75 < £ £ £ £ £ p3 d3
ej Û U u U 3 3 3 O O
o o O O o z z
r-8 rû z z Z z z3 c■Xd C o p _g z Ch Ch Ch Ch
p P p p p oo -O z z 'a H i_ Ha < U u U Z ü a O Ü Ü z m
X X o o ON ON X On X 3 X
QQ ON X X X X D X X X X X X i
z ON X On o X 00 On oô oi ri oô
X X o X ON On X ON X 3 ON 1
C c ON X X ON r 1 D X X 3 oq X zCQ N ON oô z X CD X oô ON CD X ri o
ea
1
X z o X o X 3 X 3 X 3 X
d ON 3 z z ’—' 3 On X ON X X
U 3 X X 3 X 3 3 3 X 3 X ri
O o o o o O O O o O o Oo X o o o X O O X O o XZ
.c o o o o o o O o o O o oc o X X X o X o o o X o oN
a
p-Pi
o o o o o o o o o o o od X X X X X X X X X X o XL)
. r X X o o X CNX ON X 3 On
en ON ON X X X X X 3 X X Z




<v OJ QJ OJ p p p p P p P P> > > > > > > > > > > >d 3 3 3 3 3 3 3 3 3 3 3 3




a z z z Z z z z z Z Z Z Z
c z z z
o o o X o X o X X X o o
-p
o z z z Z z z z Z Z Z z Z
o o o o o o o o o o o oX ON z X o X 3 X X ON XX X X X X z Z z X X 3 3
o en X X X X X X X X X X X X
















o j o ; o ni ni n
! i
I I




























































































































a o pUJ +"• q











O  i O  j O  I i















































































Q) • a  p 
a  -*-> 
























































o z  i
1
o o o l o o o o 1
r  1 n r  1 r  1 ri r. r . X Ol Ol 04 r  i !
1
Ol r i n r  4 r i Ol n
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
o o O o O O O O o O o o o o o o o O o o o
X X X X X X X X X X X X X X X X X X X X o
1 O O o O O o o O o o o o o O o G G G
O O X X X X X X X X X X X X X X X X X X •-r
X X
E E E E E E E q d E £ E E E E d E X
d £ 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
O O O O O O ü O o o o ü o ü O G G U E
o O z Z Z Z z z Z z z z z z z Z Z Z Z z 3
z z d d d d d d d d d d d d d d d d d Z
ÏH >.
P p o o o o o o o o o o o o o o G G G o
L/
O O CQ CQ M m z CQ Z Z Z z z z z Z Z Z Z Z Z
On z X ON X r- ol O' X ON 3 On X z X Z Z Ol
X X n X z X X O' o~ ON ON X z O' O' X 00 O' X X O'
On z o 3 ON 3 X O' ON O' X O' X Ol Ol X 04
Z r  ) 3 X On X rô X X X z z »—1 X X n z 3 X Z
(N Ol 04
X r- z (N o n ON o o 3 o X z X ON On X ON 1—1
X n n r- o n On O ON Ol Ol 04 X o O' On O ON '—' o
Ol
o o o o o o O o o o o o o o o o O O O o o
o On ON ON 04 O o On 04 o O' X o ON ON O X o o O'
o O o o o O X o O O o X o o X X o o X o o
ON 3 X r - X X X X ON ON X X On o z n X z
r 1 n Ol Ol
X X o o o o X o X X X X o o X X X X X X o
ON X ON n X o X o X ol X X X ol X X o
o r  1 3 z n X z z ON On 3 O' O' 3 ON O' ON O' X
ON O 3 ro n o z 04 X X ON O' ’—' X 3 3 Z 3 o Ol
X On X 3 n W— 4 X O' X X ON O' X O' X ON X ON oô X o
t/l
p p p P p P p p p P p p p p p P p p p p
> > > > > > > > > > > > > > > > > > > >
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
p P p P P P P P P P p p p p p P p p P p q
z Z z Z Z Z Z Z Z Z z z z z z Z z z Z z z
X X X X X X X X X X X X X X X X X X X X X
o o o X o X o X o O o o o o X o o o X X o
X X n X X On 04 X X o X O' ON Ol X X 3 CN o
X X X 3 3 3 3 X X X z z z z n o- n X X ON o
o CJ n X ON Ol ro X z O' o X 3 z X o X z
04 04 Ol Ol Ol Ol X X X X X X 3 3 3

























r-l P  
a  4-» 

















































































t .  HO •
a  a  q H d 

































































•rHoen dN 1 1 1 1 1 1 1 1 1 1 1
Ba
d o O o O o o o o o O OU X X X X X X X X X X X
pp O 'o 'o 'o
X X X Xa O o o o o o
a X X X E X X E X E
aü E E E
3
O E E
3o E 3O 3o
3 3 3 z 3 3 z 3 b z z
O O O O o o JZ Z z d z z d z d d
>1
•Z d d d o d d o d p o Op p p p p p
O Z c^^ Z z Z z z z O z za
JD O' 3 O'J a 3 CJN a z oq aZ X oô n z X X X z o^ z ON
■
r;^ d 04 Z O n 04 z X 3 X X 04





d 3 1— 1 X 3 Z X z X CD 3 Z
U f—i oi CD O X ON T—t <ON z CD
O O O O o o o o O o O
d> O ON ON X z z X ON X aZ
.d o o X X X o X o o 3 Oen d X ON X O n z z ON X 3 04 Z■f.. N r—1 04
0
Pia
o o o X o X o X X X od X X CN CN z 04 X X ON z OlU
d
O n X ON X X 3 On a ON
,1, n r 1 X X X o 3 rq 3 a oq
\,
oô ON oô x ’ oô ON a r'J ON coi oô
Lh
(/I t/5p P p p p p p p P p p
> > > > > > > > > > >q 3 3 3 3 3 3 3 3 3 3 3Ehro P P P P p p p P P P P





o X X X X X X X X X X Xp o O o X o X o o o o Or-t p X X o (N o o a X X ON o1—' QJ o 04 X 3 X z a X ON oO •H (Nen Z
X 3 O X X CJN 3 o X oo 3 X X z z z a X ON ON o















' r y o — i - L




























































Q) •  
r - l  Q) a  4J


















































































































































































































































a  c  H d


















































o or  II
' T
Oî oî o' 




























































































z O z Ol O o o O Ol o
1
o X X . i o o  1
"
Ol 04 Ol 04 r i  ] 04 Ol Ol 1
X 3 z 04 o O X z z X X O X X 3 o
X X X 3 z z 04 04 3 CN
3 X X O o o O O o o O O O X X CN o





o P p p p P
o O O o G () CJ G CJ
E E
û
E E E E E
X X X X X X X X X
_o o
>n
o o o o
E E E E E E E E Eo o ü o ü o ü 3 3 3 3 3 3 3 3 3
z z n n n n n O O O O O O O q O
z z Z z z z Z Z Z
d d d d d d d np p 3 3 3 3 3 3 c C P p p p c p c
H c C C C c P P
3 d d d d d d o o 2 2 o o o o o
H H < < < < < < CQ CQ CQ CQ pq CQ pq CQ pq
z 3 a X X X 04 Ol CN Z o 3 z a X
ON X 3 X X a X 3 X X O CN X X X o X
X O O 04 ,—1 X X Z 3 X Z X o Ol o 3 X
X
Ol ON X 3 Ol ON o X ol X X z 3 3 X o
z 3 X O 3 X a CQN X X X 3 X a Z o X
3 a X n X a a X z *—4 On Z 04 o z X a
X CN X CN CN 04 Ol
z 04 X 3 X z a CN X 04 O 3 Z o 1
z 3 X X '—1 •—* z Ol X CN —1 o '—' X o X
X Z X z Z X X o 3 X a o z Z 3 3 3
Ol
3 O O o X z o o X O 3 X z 3 Ol X O
On o X X X X CQN o a o CN ON X 3 a a
04
O X o X o o O o X X o Z o Ol X o X
n 3 X a o o X (JN (Os 3 o 3 X o 3
04 X X X 3 3 Z X Ol CN Ol X
o X o o o X z O X o a a o 3 X o Z
z (N o o o 3 ON z a ON 3 On X a 3 X X
X a Ol X 3 o ol z Ol X 3 Ol a X 3
X X X X Z ON 3 3 X X Z z X Ol O o
X X X z z X X Z Z X 3 'O a X O N X l/n
n
1/5p p p p p p p p p p P P p p P p p
> > > > > > > > > > > > > > > > >
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
P P p P p P P P P p P P P P P P P
Z Z z Z z Z Z Z Z z Z Z Z Z Z Z Z
z Z z Z z z Z Z z z z Z z z Z z z
o o o o o o o o o o o o o o o o o
04 X 3 CD X z X ON X 3 o ON X z ON
04 04 Ol X X 3 z a X (On ON Ol Ol Ol
O 3 X X X X o a X eo Z X 3 a


































































































































































































































































Cu o o oo o
D
n o ol o
rH







































































































XJ o o O O O CD oo CD CD
1
CD o
Ou r 1 r 1 r 1 r 1 r 1 r 1
OUJ ON O oo en en ro O ro CD CD O CD
N 0" r 1 r 1 •NE ri
ce
3




















Ü o o o cd cd cd cd cd cd £3 C J Q Q Q o O q q O o ET) <•■« J hJ U p4 cd O oX XJ XJ q pi JOJ cd c c c c C 3 pj
tT £ c C 3 2: >.ai oni
3 -û X o o 2 o 2 O x)(U (D (U
o H < < m en CQ en en en en Ü Üa,'
r—1























h en NO en OO en tE TE O NO CON tEucq 3 en oo oq ro r4 (ON •^ r^ ri oqN ri en oô o en tÊ ri t—H TE 1—1
g recece
Co m r- ON ro oo NO r- ro tE O oo CD
sp
3 00 en en ri ■nE ON o tE On ro
U ND ON r-^ cô CD CD oô CD ON oô r^ ro
s
r2
•2 r- O 00 O en CD O NO o en CD OX NO ON O en n TE CD en NO en2: CL,
G
en CCT O en O 00 O CD CD •NE CD O ri CDen C <n r 1 Nt (3N en oo CD NO ro tE r- tEpi M r 1 r 1en GUl cePu ceO'J •nE(30 O O O NO O NO CD en CD NO3 NO ON o n ri r- r 1 (ON CD (ON enCJ '—' ’—' '—' •—' '—'
m
z x: re en TE ro NO r- •nE n CD « NOco O CD TE en '—* >n TE ro TE
H ON 1- oo oô CX3 oô ON On OD oô oô
E<o 0o . (/)en p» %) ï) (U (U (U (U (U P (U (U (U
U J P’ 3 > > > > > > > > > > > >Li cj rt cd cd cd cd Cd cd cd cd cd Cd cd












t3 oaj Z Z Z Z Z Z Z Z Z Z Z ZNO r- QJ o o o o o o CD o o o CD o
r-l m m ON r4 tE ro ON ro (N r- ro 0 0
















































































r 1 ri C7N
X X ri
X X TE








































































































OJ • p  0) p  4-> 














































































































































































P  Q) 












































































r H  Q) 




















































' 6 'o 'o 'o G o 'o 'o O o 'o 'o 'o G ’g 'o G ‘g "6
GO 0 3 0 3 0 3 0 3 0 3 0 3 0 3 0 3 0 3 0 3 'o 'o 0 3 0 3 0 3 0 3 0 3 0 3 0 3 0 31— 
•H E S E E E E E E E Ë
0 3 0 3
E S E Ë E E E
Ü cd cd cd cd cd cd cd cd cd cd cd g cd cd cd cd cd cd cd cd
0 ] O O O O O O O O O O O O O G G G G G G
h J H-1 u k J U h4 H-l U Z Z O O Z Z Z Z Z Z Z Z«a Z Zd d d d d d d d d d d d d d d d d d d
•Pd >> > i g:o o o o o o o , o o o o E eu o o G G G G G Gt-rü CQ CQ CQ CQ CQ CQ CQ CQ CQ CQ M a ü CQ CQ OQ CQ Z CQ Z CQ
JD d ; O ON i p NO O P I P I O P I rp OO NO NO NO o O rp ON
CL, d" LO oô d" P d" d" d" NO u p rp Z rp Z NO NO Z Z d" up
p P I
& d '-p o d^ O i p i p O u p O o O up u p O o Up u p o o u p u p
oq N rp d" p d" d" pi O z o NO NO z oô cô z CD UP o Z z
p (N P I m d" m P I d" P I rp P I (N P I P I P I
P i
o
3 i— i p i p i p VP NO '—' rp O P ; NO up oq u p p - '—' up o d " OO
U pi r—4 T—1 d " 1—t p i NO NO NO Z »—i z o \ z NO d" z Z oô
m
o O o O o O o O O O O O o O O o O O o o o
; P o O o o P I o o o O u p o o n u p O P I u p u p UP o O
0-i fN P I
• d o O o o o o o o O O o o o O o o o O O o Od o O i p i p NP u p o o O o o o o O o o O O O o ON i p o u p UP o u p u p u p UP o u p u p u p UP UP u p
P i
p
3 o O o o O o o O O o O o O O o O O O O O o
U i p I p P I i p I P u p o UP u p UP UP u p O up u p u p u p UP u p u p u p
rp P I
JC
in rp o O n o o O P I P I C3 P I rp u p NO 0 0 up O O rp ON
-'i. d " rp CXD rp m rp d-' d - ‘ d" d" u p rp »—H rp z u p Z z Z Z UP
'ijO-
r  1 n
P h
O c/1 c/î en en





P h H H H H H H H H H H H H H H H H H H H H H
d
o W W W W M OJj W Z W W W Z W
ip ip ip o i p u p UP up O UP d " UP UP u p o O O u p o u p u p
a Z z Z Z Z z z z Z Z z Z Z z z z Z Z z z
o o o o o o o o o o o o o o o o o o o o o
ro LO ON P I ip 00 d" p- o rp ON P I u p OO d " p~ o rp NO
o 0 3 P I P I P I rp rp rp d " d " d " UP u p up NO NO NO
c (N m d " ip NO p- 00 ON O n d " u p NO P - 00 ON o P I

























































































































O OO O 00
o00
ro
C NTj- ro-ej-ONroCOrooro C NroCO(Nroc^ i roroC NC N
192
CL,













































































































































































































































































































































































s. 'o O o O 'o 'o o ■! , —1 ‘o ’o 'o o o O o O 'o o O
P CO CO CO CO CO CO c/j 'o O 'o c/j CO P p p p p P p p p
r-^ s E E E E E E
c/j CO CO
E E E E E E E Ë E E•H q q rj rj rj Cj g q g a q rj rj rj rj cd rj r t rjO o O O O O o o o O O O O O O o O OCi P p P P P P P o o o P P P P P P P P p P P
-a q q q q q q q p P p q q q q q q q q q q q
>> Oo Ooo o o o o o G G G o o o o o o o o o o ou, l-HG
P P CQ P p m m o Ü ü P P P p p p p p p p p
NO 00 OO NO NO OO °9 o CO NO CO) q q q uo q q p
p in ro ro ro ro m d lO d ro ro ro d CO CO CO NO uô d d p
%
q q 00 q q q- q O o q CO oq NO O q o q lOj p q p
C3 N d d r - vo d o \ ON CD d CD UO CO CD m d d d ON NO d d
E n CN ro p i CN CN CN D CN
P
P
q - q - q - ' ' t NO r-~ m r - OO q - o q q NO r - P q q q
U d uo i n lO ro oô ▼—( d NO uo d uo NO d d NO CD oô oô d CO
o o O O O o o O O CD CD o o o o O O o O o O




tn q o o o o O o o o o CD O O o o o o O o o o oN m uo o p O o o o o O CD o o o o O o o o o
r  1 uo lo q - uo ro q- uo uo Tf- uo Tj- o o
P p p
P
q O O o o O O o o O CD o o o O o o o O o o oU 00 m m vo m uo m m uo uo CD uo uo uo o uo uo p o p p
C^) CN CN CN CN 0 4
x :
U) NO NO OO NO O 00 OO o uo NO G\ NO q r- NO q q q o P
\
i n r i ro ro NO i n d I/o d ro ro ro d d ro d d I/o d d P
«M
o t/l t/i t /i
+-’ q bi) M bO 2 P W) •E » •2 P .2 ? bD bf) bf) bf) bf) bf) bfi bf) •2 P .2 P bf) bf) bf)
S ' S ' S ' S ' S 2 : g ' S
p p H H H H H H H H H H H H H H H H H H H H H
q
G P P P P P P P P P P Pp m o O m o o ir> o o CD CD uo o o o o o p o p p
G * Z Z z Z Z Z Z z' Z Z Z zf Z z Z z Z Z Z Z Zo o o o o o o o o CD CD o o o o o o o o o oro NO ON M 00 r~ o ro NO ON C^l uo p r- o p NO
O to CN CN C^l ro ro ro ro Tj- uo uo p NO NO NO
m ro NO r- 00 ON O C^l ro uo NO r- P CTn o C^)

















































































































































































































î>j o o o o O O o o o o o 'o o ‘ot-H en en cn en cn en en en en en en 'o O o 'o 'o 'o o cn cn en
rH
•H S B a a a a a a a a a en cn en en en en en a a aÜ cd cd cd cd cd Cd cd cd cd cd cd g g g g g g g cd cd cd
C ; O O O O O O O O O O O O O O
H-I 1-1 J U U hJ kJ U J J vJ O o o o o o o J U U
J _I hJ H-1 hJ UP P P P p P P P P P P P P P
>. >. >. >. >.u O O O o o O O O O O O (L) a (U (U D p O o Oo M u t-,
ce: CQ CQ CQ CQ CQ CQ CQ CQ CQ CQ CQ Ü ü o ü Ü ü Ü CQ CQ CQ
X NO NO q X q Tf X X q q q q q q q q q M qCL, Tt- ro (N NO tJ- ro X X (On Tt" CN X Tt- (N tJ- Tf- Tt" Tf Tf Tt-
C^l
& p o O q o q q o X q 00 NO q X q q q o q Tj- X
o N X ro (D ro 1—, X NO Tt- ON CN ci Tj- CD Z CN tJ- X CN
g CH I—' ro (N X CN —< CN CN I—'
p,
P'
3 m O'] o (TN X I—, CN q ON X (0\ X O CD tJ- q q q q
U ON C3N ro ON NO X X ON X CN NO CN ON tJ- tJ- Tj- Tt-
CN
O O O O O O O o O o o o o CD CD CD o o o o CD
X o 00 O O o o o o o o o o 00 CD CD X o o o o OODh CN
..c o o O O o o o o o o o o o O CD O o CD CD o CD
CQ P o o O O o o o o X o o o X O X o o CD CD CD XN X X X X X X o X n n Tj- X X 04
a
p-p,
o o o O o o o o o o o o o O CD o CD CD CD CD CD
3 o o X X X X X X o X X X oo X CD o CD CD CD CD 00
U (N m CN
X
(fi NO NO o X q Tj- X X ON q NO o (On CD O q q q o~ CD
«L tJ- Tt r-i NO Tt" ro ro X On T}- r\i X oô Tt o-i Tf- Tl- Tj- Tt T}-' Xn
P
O
bfi bfi .2? .2? .2? .2? bfi .2? ■2P .2? .2? .2? .2? bfi .2? .2? .2? •2P •2P bfi
f- ' $ ' B ' $ ' B 'inP
rH
P H H H H H H H H H H H H H H H H H H H H H
C w W W tu PJ [Q PJ pp
o o X o O o o X o X o X X X X CD CD o O CD CD
X
ü Z Z Z Z Z Z Z z z Z Z Z Z Z Z Z z f Z' Z Z Zeu o o o o o o o o o o o o o o o CD o CD CD CD of— (U X oo t}- r- o X NO ON X X oo Tf r-~ O X NO (ON 04 Xf—H-» X X T^ tJ- Tj- X X X X X NO NO r - r- OO 00 OO (X) COv (ONoo en
ô X X 00 (On o CN X T^ X NO r - oo (On CD X X Tf X
































































































































































































0) •  p  0) 
p .  HJ 






















































































d '6 'o O ‘o 'o ’o 'o 'o 'o ‘o 'o o ‘o
P en en en en en en cn en cn en en ‘o 'o 'o 'o ‘o 'o o en cnen en en en en en en
r— E E E E E E E E E E E E E-H cd cd cd cd cd cd cd cd cd cd cd g g g g g g g cd cdO O O O O O O O O O O O O O
04 P P P P P P P P P P P o o o o o o o P P
p p p p p p p
'■'i 3 3 3 3 3 3 3 3 3 3 3 3 3
2: >\ >. >.O O O O O O O O O O o p 04 04 G g 04 p O OUh Ui u, u.o
P
CQ P m P CQ P P P P P P O O Ü Ü Ü Ü ü P P
X4 CD 04 O NO O' O OO NO X oo 04 q NO o X X
P X X NO NO X X ON Tt NO X X Tt Tt Tt oô X X CN —^, X
& 3 o NO o NO q X O 04 q X q en O X Tt X q O' qP N O 04 NO X Tt Tt Tt X X j—i X Tt NO NO CD CN CN CD X CD
Ë ’—' CN CN Tt CN
P
X
3 O q oq oq NO q 00 NO r—' q X o Tt O i:" X q
U X Tt Tt Tt Tt X o^ Tt NO ON X o^ NO NO CN oô X X
O O O o O o o O O O o o o o O o o o o o
q o o o o oo oo o oo o O o o o o O O o o o oP
,3 o o o o o o o o o O o o o o o o o o o o




o o o o O o o o o O o o o o o o O o o o
o oo 00 oo o oo oo oo o X o X X X X X o X o oCJ CN
X3tfi o 04 o NO q o o NO X oo 04 q r-1 NO o X X NO
X X NO NO Tt Tt ON NO NO X X Tt Tt Tt oô X X CN *—4 X
P
O
P 3 .2? .2? bû .2? .2? .2? .2? •2P •2P .2? .2? •2P .2? bû .2P .2? bû .2? .2?
H re 'B 'B 'Bce
P P H H H H H H H H H H H H H H H H H H H H
p W P W W P P P P P P P P
■r X o X X O o o o o o X o o X o o o o o X
P
ü Z zT Z zf zT zT zT Z z Z Z Z z Z zT Z z Z z" z
o o o o o o o o o o o o o o o o o o o o
X NO ON 04 X 00 Tt O' o X NO C3N CN X 00 Tt O' o
O '—' 04 04 04 X X X X Tt Tt X X X NOo en

































3  O  





















































G G G G Gcn CO CO en CO
E E E
cd cd cd cd cd
G G O G G
O O O O G G G o G G G G P P P P p
CO en en p en CO CO CO in CO CO COo O O o 3 3 3 3
E B CO 00 CO CO E E g E E E E E E E 2^
cd cd cd cd cd cd cd cd Cd cd Cd cd O O G O o
O O h h Ë E O O O o O o G O G o (—4
P P cd cd cd cd P p P p P p P p P p w P P W po O O (5
3 3 p P P P 3 3 3 3 3 3 3 3 3 3 #
•3 G _o G G GO O 'U 'U G G ri o G n G O G Ot-, (U 05 0) Ui u, u, Ui
P P p P P P P P P p P p P P P p Z' > >H >H >H
NO O X O 00 O ON X 3 ON Tt 3 O O ON X X P X
NO NO Tt ON X Tt Tt X Tt Tt X X Tt 34 X NO Tt Tt X X NO
O' o X o o O O O X X X o X X O O X O O o X
o p 1—4 o Tt o NO ON NO X 00 3 3 X X ON 34 X X f—4 X
34 34 X 34 Tt X X 34 Tt X NO X Tt X X X
Tt o Tt o NO O ON oo X O X Tt X 3 o ON X 3 X 3
34 ON NO CN X NO NO X X 3 X X X X X NO Tt NO 3 X ON
O o O O o O O o o O o o O O o O O O O o O
OO o o X o o o o 00 O oo o o 00 o o o O o o o
o o o o o o o o o O o o o o o o o o o o o
X o o o o o o o o o o o o o o o o o o o o
<N X X X X X o o X X X X o X X o X o X o X
O o o o o o o o o o o o o o o o o o o o o
X X X o o X X X o X X o 00 X o o o X X o X
CN X
X o X O oo o NO ON X 3 3 Tt 3 X o ON X X o X
oo so Tt so r i Tt Tt X X Tt X X Tt X X NO Tt Tt X X NO
C/2 c/l c/l y c/l
bû bû q bû bû bû bû bû bû bû bû bû bû bû bû bû bû bû bû bû
15 2: 2= 2:
H H H H H H H H H H H H H H H H H H H H H
p P P P P p p P P P p p P P P
X X o o o o o o o X o X o X o o o X o X o
Z z Z z Z z z z z Z z Z Z Z z z Z z z z Z
o o o o o o o o o o o o o o o o o o o o o
NO On X 3 oo Tt 3 o X NO CJN X X oo oo Tt 3 o X
NO NO 3- X 3 00 OO 00 ON ON ON ON o O o o X X
34 X Tt X NO 3 00 ON o X X Tt X NO 3 00 ON O X



















-P 3  fH W d rH 






iH  0) 









































































































































































c  o NO X X X X X 00 Tt Tt X I—' X o (ON X 00 NO O X X
-q o P NO X X X X Tt X X X Tt Tt Tt X NO Tt Tt X X Tt Tt

























oo X X NO
3
3
.23 3 CTn X X _ X X NO X 1—1 oo 1—1 X o (ON X X Tt X X X3G
§
























































































































P dc/5 NO X X 1 X X 00 Tt X Ol —, X o X X oo Nô X X X



























































































































































OX X XX XX TtX
X
X NOX XX
































































































































































































































































































X  05 
X  4J 

































































































































































































































































































































CD • X 0) X 4-> O XCD en
o

































































































































































































































































































%3 3 X q OO X q q q o X o q o X O X q o q o O oP N CD X x’ Tt t '< <D y f ON X Os T—4 X tn NO pi X NO <o NO tn os
e X "H — X X X X '—' '—1 X X X X r—' Tt '—'
p
•a03K 3 X X sq X X q X oo X oo X X X X X Tt X o X X ooG U en tn Tt X Tt Tt ■n- X X (X NO X X X Tt X X pi (d X (d
2
G<
o o O o o O o o o o O o o o O O o o o o O
■2 CD o oo tn CD en o o o o tn o en tn o o o o o o CDG PQG
X
• p O o o o CD o o o o o o o o o O o o o o o <D3 O o o o O o o o o o o o o o o o <D o o o CDN X X X X X X X X X X X X X X X X X X X o X
C.5 aen pp pcn
O o o o O O o o o o o o o o o o O o o o O
o X o X O o o o X o X X o O o o O o o X OCJ X
rC
ui tfi X sq Cl X q X tn X tn PI o X X X Tt X q PI tn tn
Z -fi -t X Tt Tt Tt Tt Tt X X X Tt X rd X Tt X X ci X Tt X
Eh PCJ OCiJC/J p q M M •HP 2? 2P .2? M bfi go .2? .B? go go go gj .2? .21^ go
X H TO 'S '$ 'B '$ 'S 'S 2 *2
p aP 1—1 P H H H H H H H H H H H H H H H H H H H H
p
q W W W P P P P P P P P
o X o O X X X X X X X X CD o X o o o X X o X■HP z ' z Z Z Z Z Z Z Z Z z" Z Z z Z z z Z Z Z Z
o o o o o o o <D o o o o o o o o o o o o oX CJN PI X Tt X <D X NO ON X X en Tt X o X NO CTnNO X X p oo P en ON C3N Os tON o o O X X X X
en
U en



















































CL cd cd cd
O G G
P P P G 'o 'o 'd 'd 'd 'd d 'd "d 'd G G ' o G 'g 'g ‘g
Ë-, en en en oo en en en oo en en oo 00 OO en 00 oo en en
3 3 3
1— 2 2 2 E E E E E 3 E E E E E E E Eo G G cd cd cd E cd cd cd cd cd cd cd cd cd cd cd Cd cd cd
O G G G G G G G G G G G G G G G G G Ge p P P P P P P P P P P P P P P P P P P P P
2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
_o 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
G G G G G G G G G G G G G G G G G Gu, u,
CE > > > P P P P P P P P P P P P P P P P P P
p q X q OO NO Tt NO q OO X O X OO Tt OO X X q Tt X q
Tt X Tt X X NO rd Tt Tt cd X cd X NO xi On rd rd Tt X rd
X
b 3 q X o o O q O q q O o X o O O q q q O o qM N o CO NO cd cd Tt NO o Tt NO X P Os xi Tt O Tt CD rd o o




L) o X q X NO o Tt q X q X NO 00 Tt X X X q q q q
NO cd Tt cd rd oô X Tt X Tt X NO rd NO Tt ON rd rd NO NO X
X
o O O O O o o o o o o O O O O o o O O O o
X o o o O o CO o o o OO o o O o 00 X o o o 00 o
P
.q o o o o o o o o o O o o O o o o o o CD o o3 o o o o o o o o o o o o O o o o o o O o o




o O o o O o o o o o o o o o o o o o O o o
3 X o o X o o X o X X X oo o o X X o X X X X
U
P
w q X q oo NO o NO q oo XI o X 00 Tt X o X q Tt q q
Tt X Tt X rd cô X Tt Tt X X cd X NO rd rd r i r i Tt Tt r i
'«/ r 1
O c/l t/1
g) g) M bfi bfi bfi .2? .2? ■2i^ •2P bfi bfi bfi bfi •2P bfi bfi bfi bfi .21^+a 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 'B 2
ce I—4 H H H H H H H H H H H H H H H H H H H H H
Oh p
C P P P P p P
o o X o P X o o X X o X X o X X X X X o X
•H cq+a
ü Z Z Z Z Z Z Z Z Z Z Z Z Z z Z z Z Z Z Z
05 o o o o o o o o o o o o o o o o o o o o o
rH d) X X CO Tt X o X NO Os X X oo Tt X o X NO ON XI
r— 4-> X X X Tt Tt Tt X X X X NO NO NO X X X 00 oo 00 OO ON
Q •H
O en
Tt X NO X oo Os o X X Tt X NO X OO On o X X Tt








































































































rH  05 
rH  HU»























































2î O 'o 'o '6 'o ‘o 'o 'o 'o o 'o 'o 'o ‘o d 'd 'd
X 00 00 00 oo en oo en en oo oo en oo en oo oo oo 00
o o o o(--
s E E E E E E E oo oo oo 00 E E E E E E E E E
3 cd cd cd cd cd cd cd cd cd cd cd cd cd cd cd Cd
O O O O O O O O E E E O o O O O O O O OO J
1-1 U H-J i-J U h4 uJ cd cd cd cd 1-1 uJ J uJ Z Z Z Z
q O O q
3 3 3 3 3 3 3 3 uJ i-J i-J i-J 3 3 3 3 3 3 3 3 3
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
O o o o o o o o o T3 T3 T3 "O o o o o o o o o oo u, u,
CÜ £P CQ P CQ CQ CQ CQ CQ cQ Qc: CQ CQ CQ CQ CQ CQ CQ CQ CQ CQ CQ
JD OS X X NO q X q 00 O X X o O q X q X Cl X q O
P xi NO X X Tt . X Tt X X Tt X X X Tt X Tt Tt Tt X Tt X
& 3 q X o X q X O o o X o q O o X O X q o X o
cn N *—H xi XI X o NO X os X cd NO d> X o oô o z Z X Tt X




3 X X q — o X os X o X Tt o Tt o X q Tt X X O) o
U X NO Tt X NO Tt NO X X r —4 NO x" X NO X Tt NO Tt X Tt ro
o O o o O O O o o O O o o o o O O o o O O
p o X 00 00 o o o o o O o o o o o o o o o o oCu
.3 o o o o o o o o o O o o o o o o o o o o o




o o o o o o o o o o o o o o o o o o o o O3 X X o o X X X X o X o o X X o o X o o o o
U X X
P
Os X q r— q X q oo o X X o o q X q X Cl X O) o
n e
ri T t T t X Tt X T t X X T t X X X T t X T t T t T t X T t rd
P
o en cn çn
p .bfi bfi bfi .W5 .2? .2? bfi bfi bfi bfi .2? bfj .2? ■2P .2? .2f .2? bfi .2?.2? bfi





H H H H H H H H H H H H H H H H H H H H H
3 UJ UJ UJ UJ W UJ UJ W W WO o o o o X X o X o X X o o o o o X X X X o
ü Z z z Z Z Z z z z z Z z Z Z Z z" Z Z Z Z
05 o o o o o o o o o o o o o o o o o o o o Z
rH 05 X Tt X o X NO o\ X X 00 Tt X o X NO os X X 00 o
P 4-> X X NO NO NO NO X X X oo 00 oo os 0\ OS CTN o o o
O P
o P
o OO os o XI X Tt X N£5 X oo os o X X T t X NO X





































































>î O 'o o o o 'o O O O O o o 'o o O o 'o 'o d o
P 00 oo 00 00 en 00 en en 00 en oo en OO oo 00 en en oo en oo
1—
E E E E E E E E E E E E E E E E E E
cd 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
O O o o O O O O O O o O O O O O O O O o
Z z z z Z Z z z z Z z z z z z z z z z z
-y 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3•z 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2u o o o o o o o o o o o o o o o o o o o ou, u, u,
p w P PP m PP p p p p P p p p P P P p p P p
X» X X O X q X X q s q o sq X X Tt c q X q X
p rd X X -3" Tt Tt X rd Tt Tt NO Tt X X Tt CN rd X X Tt
& 3 X X o X X q o X o O q O X o O q X q X
p N X NO X X O ci NO NO NO NO o X NO rd CN Tt Os rd cô X




3 X q o X 1—1 q X q O os o sq q q Tt CN .—' X q X
U X X X Tt NO Tt X Tt NO NÔ NO Tt Tt X Tt Tt rd CD X NO
o o o o o o o O o O o O o o o O o O o o
35 o o o o o o o o o o o o o o O o o O o o
P NO o
.3 o o o o o o o o o o o o o o O o o o o o
CO 3 o o o o o o o o o o o o o o O o o o X o




o o o o o O o o o o o o o o o o O o o o
3 X X o o X o o X X X o o X X O X o X o X
U
P
p-1, X X o X q X X q NO o q X X Tt oo ’—u X q X
rd X X Tt Tt Tt X rd Tt Tt NO Tt X X Tt ri X X X Tt
P
O en en en '0 .P .bû 60 bû bû .M bû .SP .bp bû bû .bp .M .bp .bp .bp .bp bû bû bû .bf)
p ni 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ' 2 2
a 1—t H H H H H H H H H H H H H H H H H H H H
p P
3 Z w Z Z Z Z z Z Z Z ZO o o o o X o X X O o o X o X o o O X o X■r-
-P
O Z Z z z Z z Z Z Z zf z Z Z Z Z Z z Z Z Z
0) o o o o o o o o o o o o o o o o o o o o1— Q) X o X NO os X X oo Tt X o X NO os rH X oo Xp 4-’ X X X X X X X Tt Tt Tt X X X X NO NO NO X Xo •H
CD P
O 00 Os X X Tt X NO X 00 os o (N X Tt X NO X 00


































































































































































cb o O o O o o O o O o o o "den 00 en en CO cn en CO CO cn cn cn 'd d O enr"
-H E E E E E E E E E E E
en en cn
EO 3 3 3 3 3 3 3 3 3 3 3 3 G g g 3e.5 q q O O O O O O O O O O G
Z Z z z z z z z z z Z z O o o Z4: G G G G G c G c c G G c Z Z Z G•Z 2 2 2 2 2 2 2 2 2 2 2 2 >1 >. >> 2o o o o o o o o o o o o eu (U (U ou, u. u,P CQ CQ PQ PQ PQ PQ CQ PQ CQ CQ CQ CQ Ü Ü Ü CQ
x> Os q Tt X O q q q O O NO O o q X
PU (d cd NO cd Tt rd X X NO X rd X NO Tt rd
i? G CN Tt o O O q CN 00 q o q en CD CD q Xp N Os X 00 (Os oô X X X Tt cd CD CD X cd ' Z cdg —H "—( r-< u—' ’—' ’—' r—' u—'
p
G X q O X X X O en X O X q X CD X —
U X Tt CH Tt NO X NO z C) cô X cd X X NO
o o O O o o O o o O CD CD eD o CD Oz oo oo o oo o oo o o o o OO CD CD o 00 00p
-G o o o o o o o o o o CD CD O CD CD OG X o o o o o o o o o OO O CD CD CD oN n r  1 X X Tt n CN .CH X n X X X X X X
SPP
o o o o o o O O o o CD CD CD CD CD o
rd X X o X X X 00 X X X X O X  . X CD XU CN X X
G
en X X O o X 00 q q q o o NO o q X
rd r i NO rd Tt rd td X (d NO X X X NO X Tt
P
O en en
C .bf .bO .bp bû .bp .bf) .bp .bp .bp .bf) .bf5 .bp .bp .bp .bp bû
HTO 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2ce
P P H H H H H H H H H H H H H H H H
C W W Z W z
o o o o o o o o o o o X X X o CD
+j
O Z Z z" Z Z Z Z z Z Z Z Z Z Z Z Z
o o o o o o o o o o CD o CD (D CD oNO Os CN X 00 Tt X o X NO OS X X 00
c •rH ’—' '—( '—( CN CN CN X X X X Tt Tt Tt Xp en




















































X 'o 'o 'o o 'd 'd 'd 'd
E h o e n en e n cn cn z e n e n
1—'
e n
B E B E E E B E
g 3 3 3 3 3 3 3 3O O O O O O O O O
c  3 o Z z Z z Z z Z z
-a Z G G G G G G G G
• z X 2 2 2 2 2 2 2 2CD o o o o o o o oUh
p Ü m Z m z z z z Z
G> T t os X q T t q o X O
Z NO iri T t T t OS T t T t rd NO
XG G (X3 q T t q u—1 q q X OP N X Z C3S d > T t CD d NO CDE u—1 X X X XP
P
G ,—1 O s X q T t q q q OU X X Tt T t OS T t T t T t (Os
o o O o O o o O O
G5 o o o o O o o o o
z
.GCQ o o o o O o o o CDG o o o o X o o o CDN X X X X X X X XS
p u
p
o o o o o O o o oG CX) o o O o o o X XU
G Tt os X q T t q q X o
NO X Tt Tt os Tt Tt X NO
PO
p en en
P G .bf) .bfj .bf) .bf) .bf) bf) .bf) b/3 bI3til
2 2 2 2 2 2 2 2 2
P P H H H H H H H H H
GO Z Z Z Z Z Z
•H o X o X o X X X XP
ü0) Z Z Z Z Z' Z z z ZP 03 o o o o o o o o o
P 4-> X X (30 Tt X o X NO
O •H os Os OS o O oo e n X X X X X X

























































































































































































































































































































































































































































































































P  0) 
P  na> 








































































































































































































'o 'o ’oz z en
E E E3 3 3
Mu O O OI>î ‘o 'o 'o o 'o 'o 'o o 'o 'o o o 'o 'o ‘o P p p 'o O 'oz en en en 0 0 en en 0 0 en en z en en en en en z zG G G
•H E E E E E S E E E E E E E E G 2 2 2 E EO 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 o o o 3 3 3
c 3 O O O O O O O o O O O O O O O O o O
-y
uJ 1-1 p d mJ hJ p p uJ p p p p p CQ CQ CQ P p p
G G G G G G G G G G G G G G G 2 2 2 G G G
•Jsd 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 _o q _q 2 2 2o o o o o o o o o o o o o o o o o oo M M M
P p PQ P PQ m M PQ P P m P PQ PQ PQ (Q > >H > CQ CQ CQ
z q PI q as q q T t X o o q X T t NO T t PI X O 00P T t 0 0 T t X T t T t X X d X T t T t X X oô X X X X X d
& q o q X q q q X q o q Z q q o q o X o o X
O G d d d O n d d X oô d X d oô X X X X d oô X d dg N X T t T t X X X X PI '—' X T t —H ’—' ’—' X X
P
P
G o P I o 00 o o X o X o q q T t NO r—. oq X X X z
U d 0 0 p i X oô d X X ON X d X X X oô X T t X T t X T t
o o o o o o o o O o o o o O o o o o o o Oz o o o o o o o o o o o o o o o o o o o X oP




O o o o o o o o o o O o o o o o o o o o oG X o o X o X X O X X X X X o o X X X X o zU X X
•C
-L q X q as q q T t X o o q X T—1 T t NO T t X X o P I — u
'l, - G" oô T t X T t T t X X d X d G" 'X X oô X X X X X d
P
O cn
p .bf) .b f) b fi .b p .b p bfi bfi . b p .b p .b p .b p .b p .b p .b p .b p .b p bfi .b p .b p .b p .b p
H 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
(VP
P
P H H H H H H H H H H H H H H H H H H H H H
G WW W W2: W W W 2: W 2^ Wo X X X o o o o O X X o X o o o X X o O X
ü Z Z Z zf Z Z zT zT Z Z zT Z zf zT Z Z Z zf Z^ zf ZU3 o o o o o o o o o o o o o o o o o o o o o
T t X o X sa ON X X z T t X o X z T t X o X NO
O O o o as O n as ON o o o X X X T t T t T t X X X
O Z
c oo as o X X T t X NO X Z ON o NO X Z O n o X

























































PO •pp qu TO 






























•HP  O 
0) • 
X 05 

























































































































































































■M 3 p E










































































































O O 1 1 .4 o o o o O o o o o O O O00 CO o o o CO CO CO c/4 CO CO CO CO CO CO CO CO
CO CO CO o o O Ü
E E E E E C/J crj CO C/4 E E 3 £ E E E E3 3 g g g C3 cd C3 cd cd cd cd cd cd 3 3 3o O o O o h Ê Ë H O o o O o o o o op U o o o pj U pj cd 3 3 rt U u u pj pJ H-l p_l W






hJ 3 3 3 3 3 3 3 3 3
>. >. >,
O n 3 3 o n O t3 t3 "3 t3 O O O O O O O O OP p P p P
CQ m O O o CQ CQ CQ C4 C4 cd DC PQ CQ DQ CQ CQ DQ CQ CQ CQ
O VO ro o CO O CO CO VO ro CV4 O O ro O oo
Dh 'vf 00 CO ro ro Tf CO ro 3" ro ro 3" CO Tt 04 ro
oo r~ m lo o CO CO O O CO CO CO O o o O o CO o CO
3 ro o ro 0 4 CO o CO CO O' CO VO ro 04 ro CO O Tj- CO
N 0 4 04 O l Tj- 0 4 CN Ti­ 04 04
3 Ov ro CO CO CO o- CO VO Tf CO o VO O ro o OO VO
U VO 0 4 r- ro VO VO CO ro VO 3 " T)- 0 0 t J- CO VO (N Tf-
O O o o o O o o o o O O o o o o O O o o o
X) o O o o o O o o o o O O o o o o o o o o COCL,
o O o o o O o o o o O O o o o o o o o o o3 o uo o o o O o o o o o O o o o o o o o o o
N ro n m CO CO CO CO CO o CO CO CO CO ro o CO CO CO CO
O o o o o O o o o o o o o o o O o o o o o3 ir> o o CO CO o CO CO CO o o CO CO o CO O o o CO C_) CO
o 04
VO ro r- o CO o CO CO VO ro O ' o o ro o OO
o- oo CO ro ro •o ro 3- ro ro ■vf T f CO T f r 4 ro
+-> in in 00 CO ÇA y)
q bû bù to bJ) bij bü bü bU bü bJ bU bJD bJ4 bU to bJj bJ3 bJ bO
?
P H H H H H H H H H H H H H H H H H H H H
W W W W W W W U4 PQ W Wo o m o CO CO CO CO o CO CO CO CO o o CO o CO o CO o
• Z Z z" Z z z z z Z z z Z z Z Z z Z Z Z z Z
3 o o o o o . O o o o o O o o o o o o o o O oro VO 0 4 CO 0 0 O' o ro VO <7V 04 CO oo Tt 4-" o ro 04
'H Tf ■vt CO CO CO VO VO VO VO O ' O' O ' 0 0 0 0 OO Ov (Dv O
CO






























3 O 'o O







P q O q3 'o 'o Z Z Z O O o O o O O O O 0 0 0 0 0 0 0trH co co co co CO co CO Z co co e n CO CO CO e n e n e n e n
3 3 3
fcfl •H E E E 3 E E E E E E E E E E E E E
C! 3 3 o O O 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
O O O O O O O O O O O 0 0 0 0 q q q
3 Cû CQ CQ Z Z z z z Z z z  .Z Z Z z z Z Z Z
T3
3 3 3 3 3 3 3 3 3 3 3 c 3 3 3 3 3
- •Ai o O Z
xJ O O O O O o O O O O O o 0 0 0 0 0 0 03 O p p p t-t





O Ti­ ro O' VO oo <—1 0 4 q Tf 0 0 ' 0 4 '—^ q 0 0 4 04 -Vf q q
U CL, ro ro rd ro 0 4 ro rd LO Tl" Tf 0 4 Tf 0 4 4-'^ Tf rd d LO -vf LO 0 4
q O LO q O O LO O q O LO q q LO q 0 q vo q q q
U C r'i Z oô o^ ro o6 LO d d> 0 4 CD r—i Z L-) d LO C4 LO rd LO Tf
cq N 0 4 '—' ro ro 0 4 04 rs -Vf en 0 4 — VO
G
p
Ti­ ro LO O' vo O' 0 4 OO o oo LO 0 4 o q q LO e n q -Vf q q





O O O O o O o O o o O O O o 0 0 0 0 0 0 0










O O O O o o O O o o O o O O 0 0 0 0 0 0 0
3 O LO LO 0 0 o LO o LO LO o O o LO LO 0 LO LO LO 0 0 0
U 0 4 (N 0 4 CN
Ü
X
m Ti­ q O' Ti­ ro oo
1 0 4 q Tf LO 04 c q 0 q q -Vf q en
*1. ro Ti- ro ro ro rd rd Ld Tf Tf ro -Vf 04 4Z ■Vf rd d L-j -Vf L-j 0 4
P
_) o in (A CA (A ÇA ÇA







p H H H H H H H
H H H H H H H H H H H H H H
3 W W W Z Z Z Z Z Z Z Z Z Z
O LO LO LO o LO o O o o o o o 0 LO 0 LO LO 0 LO LO
-p
ü Z Z Z Z Z Z Z Z Z z Z Z Z Z z T Z Z z'' zT zf Z





a, o VO O' OO o O 0 4 ro LO vo 4> OO OV 0 04 ro Tf LO vo

































































d pp  P
&
H


































































































































































































































































































































































































































































Ü 0 M—1 f—t P—1 *—P r—( 1— 1 *—> ■— 1
s . . 'o 'o O 'o O O 'o ' 0 0 ’ 0 0 ’0 ’ 0 ' 0 ' 0 ' 0 0<D co c o co co co co CO r 3 co CO co en p en en p en en
o O 0 0
'— ' r— E s E E £ E E
co CO co CO E E E E E E E E E
■H ci « 3 3 r t ce) 3 r t ed cd cd cd 3 cd cd cd rt
C O o o O O O O O E E E E 0 0 0 0 0 0 0 0 q q
C J q p p P P P p 3 ci ci ci p P P P p P P p P P
E O O 0 0
TO « a 3 3 3 3 3 3 3 p P P P 3 3 3 3 3 3 3 3 3 3
• A O O O O O O O X ) X ) X I X I 0 0 0 0 0 0 0 0 p 0u. i_ Ui Ih0 O





o oq *—( z CD r d Os r - O V f T f q 00 0 r d 0 '—' T f 0 T f z q
o p T f T f T f d z T f rd z oô Z T f z z T f Z rd T f d rd T f rd
h T f Z CD q o Z z CD Z q CD CD CD q q Z q q q q T f3
O




3 q C ' CD q q z q T f - H Z q 0 T f q '—' V f q q Z q




O CD CD O CD CD CD CD o CD CD CD CD 0 0 0 0 0 0 0 0




,3 o O CD CD O CD CD CD CD CD CD CD CD 0 0 0 0 0 0 0 CD
3 o O CD CD O CD CD CD CD CD CD CD 0 0 0 0 0 0 0 0 0
N z z CD O Z Z Z Z z Z Z Z Z z z z z z 0 0 Z




o o CD CD CD CD CD CD o CD CD CD CD 0 0 0 0 0 0 0 0
3 o z Z z Z O Z CD CD Z CD CD CD 0 0 0 0 z 0 z 0
U vH -H " H Z Zl Z V-' z vH -H z vH vH
o
. 3
w co q —1 z CD r d q t" CD T f T f q 00 CD z 0 —; T f q q q q
z Vf T f V f d rd T f Z Z oô Z T f Z Z T f Z rd T f d z z rd
Eh P
O O
00 00 (A (A ÇA ÇA
Uj p 3 .E^ 5 fcO.E .E bl) bO .E bl) bfi bij bO .E •E .E .E .E .E •E E
' î Hni > i? 'S 'S V: i? î
P
ClPiP h H H H H H H H H H H H H H H H H H H H H H
P
3 W W W W P W W P
O z z z z CD CD z z 0 CD 0 0 z z z z z z z zpu Z Z Z Z Z Z Z Z z Z Z S Z Z Z Z Z Z Z Z Z
o o CD CD CD CD o o CD CD CD CD 0 0 0 0 0 0 0 0 0z T f OV r d Z OO T f Z CD Z VO ov z z V f z T f zCN




p-a, o 00 z T f Z VO r- 00 ov CD _ Z z T f z z co Os 0 T—4 z
















































cL? O o o o o o O O o o o o o o O O o O O OP p p p p p p p p p p p p p p P p p p p 'o
r—  
•H E E E E E E E E E E E E E E E E E £ E E
P
O cd 3 cd 3 cd cd cd cd cd cd cd cd cd cd Cd cd cd cd cd cd gC, J O O O O O O O O O O O O O O O O O O O O
P P P p P p P P P P P P P P P P P P P P Or-y p3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3A
O O O O O O O O O O O O O O O O o O O O 0
I-, u,rü P P P P P P P P P P P P P P P P p P P P Ü
Vf Z P q Z O Tf Z Z q Z Z X O O O z q Vf O) q
p z z Z Tf z 00 Z OV z Vf Vf z z vd z z r i z z z vd
& 3 O q q q o z O z q Z z o q o z z q P CA oC3 N ov T—t ov CD Tf z vd oô CD Z z oô CD Ov z z z vd rd rd
P '—' z V-' z Tf z z z V-' Tf
P
3 O z p o z o Tf Z z o z z X q O q z X Tf q q
U m z z p z ocj z Ov Vf vd Tf z z Vf Z z z z z z COV
X o o o o o o o o o o o o o o o o o o o CD o
p oo o o o o o o o o o o o o z o O o o o o o
.3 O o o o o o o o o o o o o o o O o o o o o3 o o o o o o o o o o o o o o o z o o o o o
N z z z z z z z z z z z z z o z z ri r  1
G
PP
o o o o o o o o o O o o o o o o o o O o o3 o o o o o o o o Z z o o o o o o z p O o z
U z
X
en o z p q z o Vf z q Z; z X q o o z q Tf ov o
-L z z z Vf z oô r i Cfi z Vf Vf z z Tf z z r i z rd rd vd
P
O  •
c/5 (A ÇA ÇA ÇA ÇA




p H H H H H H H H H H H H H H H H H H H H H
p W W W W W W wz o z z z z z z o o z o o z o o z z o z
+J CDo Z z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z z Z
o o o o o CD o o o o o o o o o X o o o o oov z z p Vf z o z X CJV z z p Vf z CD X Vf zOv o O o z z z z z z z Tf Vf Vf Z z z X
u CQ vH VH








00 o o o mro
ro
ro rou C'l


































ooo oo oo oooo oo oo oo oo oo oooo oo ooooo
o
o o oo o
Cl
o
00 00 00 DO00 0000C/J
0-1 0^



































































> O o O ‘o '6 'o 'o 'o O oE" c/l c/l C/l 00 oo c/l oo C/l 'o 'o c/l c/l
f— E E E E E E E E
c/l c/l
E EC3 D3 cd cd cd cd g g cd cdq O o O O o O o O O
kJ H_l K-l U u o b i-Q J
"d c c C C C a c u J p C
•Oi >. >,o o o o o o o o o (U (U G oc-, u.
01 Cû OQ CQ CQ CQ CQ CQ CQ ü o CQ CQ
X X O X X- X m X X 00 X roeu Tf X m ri en ri m X xi ri ro X
& c XJ c> (D X X XI X CN X <N X ro
p:; N (On CD X X co oô O co oô NO X
EPUPU
P ON O <D O X X V—4 f—( (N (ON f—4 ro
U X X IX X X X X X X rn X
O o o o o o o o o o O OO o o CD o o o o o o O oPU
X O o o O o o o o o o O oCQ O X o O CD X X o o X O o«a; N XI XI n n XI XI n X ro XI ri
ap.PU
O o o o o o o o O o o ozs X X o X o o X X X X o ou rJ XI CN
X
X o X X rn rn X X oo ro -4 ro
p u X X ro r i ro ro ro ri r i ro X X
PhO +j DJl .SP bil bo .SP .2P .SP .SP •SP 2P .SP .2P
t V '$rt t—1 H H H H H H H H H H H H04 PU
p W PQ W PQo o o o X X X X X X O X X
■p
ü z z Z Z Z Z Z z Z z Z^ Z
CD o o o o o o o o o o o or-i OJ X (On XI X 00 X o X NO X1— HJ XI XI X X X oo Xo •Ho OQ
























































o o o "o 'o , 1 __ 'o ’o 'o 'o 3 'o 'o 'o 'o 'o00 co co co co "o 'o 'o co co co co 73 b CO co co co cor— co 00 00 O o O•H E E E E E E E E co co CO E E E E EO 3 cd rt Cd rt g g g cd cd cd cd 3 Cd cd cd cd cdCl O O q q q O O O O S E E O G G G G
1—) pj pJ pj pJ o o o p 4 pJ pQ pJ cd cd cd O Z Z Z Z Z
PJ p I_Q O q O
3 3 3 3 3 3 3 3 3 pJ P pQ CQ 3 3 3 3 3
>. >>
O O O O O <u (U O O o O T3 T3 T3 "3 G G G G Gp p ajm CQ CQ CQ CQ CQ a ü ü CÛ CQ m CQ Cd Cd Oô Cd CQ CQ CQ CQ CQ
ro X- oq CD p XI p X oo X; O vo p X XI p p XI X p
P ro xi X X X X X v d ( N X X X X X rd m X X r i CN Xeu
X X eq O XI p X CD p X p p oo p p CD O CD X O
U 3 v d rd X X cd CD oô X oô X X CD r— 1 os rd Z X xi oô oô xi
N '— ' X ( N XI X X ( N X X X XI XI XI XI
eeu
ro O ( X X XI p p o XI XI p p so P X T—1 O O p X CD3 X X G\ X oô X X vd X vd rd CD X X ON X xi xi X CN xiU
O o O O o o o o CD o o O o CD O o O O CD O CD
rP O o O o o o o o 00 00 CD O CD O 00 00 00 00 OO o 00P
.3 O o O o o o o o o o CD O O O o CD o O CD o o3 O o O o o o o X X o CD O CD O o O o o O X X
N X X X X X n r 1 r 1 X X O r 1 n X O X X) O n
E3
P.P
O o O o o o o o O o O O CD CD o O o o CD o o3 O X X X o o o o X X X o CD CD o CD o o X o o
U (N X X
,c
p X X cq o o XI o X 00 rq o X Os X o (D p X o
X r ! X "d X X X vd X X X X X X ON X xi X ri r i X
v;•
p
o •p c/l c/5 t/) c/l c/l
-P’ q .SP .SP .SP bl) .SP .SP .ep .bp .bl) .bp .bfl bû .bp bû .bl) gû
H i? > > B: 'Bcv
p
1—1
p H H H H H H H H H H H H H H H H H H H H H
P
o CQ CQ CQ CQ CQ tQ W Z W W
•H X O o O X o o X o X X CD X CD X X X o o X
-P X
ü Z z Z z z z z Z Z Z z Z Z zT Z Z Z Z Z Z
(U o o o o o o o CD o o CD CD CD o o o o o CD o oX vo X o vo ( N X oo X X- o X X ON ( N X X
O •H ( N ( N X X X X X X X X X X X X OO 00
O en
c X X 00 Os X X X X- 00 ON O ( N ro X X X oo (ON


















































































































































































































































































































































































d  rUeu z




ü  0) . 
1-1 Q) 
rH UJ
































































































































X) eu(—4 r —4




































































































































(U •  















































































































































































Zo •z z q 







01 •  
Z  01 


































3  On 
























































z o O O O O o o O o O o O o o O O o O O O o
Eh co co m en z z z z z z z z z z Z z z z Z z z
r— E E E E E E E E E E E E E E E E E E E E
cd cd cd cd cd cd cd cd Cd cd cd cd cd cd cd cd cd cd cd cd cdO O O O O O O O O O O O O O O O O o O O O OC d Z Z Z Z Z Z z Z Z Z Z Z Z Z Z Z z Z Z Z Z
-8 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
'Ad O O O O O O O O O O O O O O O O o O O O O
1-, tH u i-i 1-1 u,
tt Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z z Z Z Z Z
3 p O p p P p p p p a s Os p o s p X X p X o X p
Z ro X X X X vd X" CN CN CN X X CN r i cd X vd CN Tf rd rd
h X P p O p p p O OO X o X p X o o O p X O
CQ 3 vd CD cd X X CD r i ON vd t—H ON X X r i r i X d CN d X XN X X X CN CN 31 X X X CN
a
z
3 X O X X p O o o p X ON O p z CN p p P O X p
U vd vd 13 X X CN O X X X X X X vd X ON oô X vd X cd
o o o o o O o O o O o o O o o o o o o o O3 o o o o o O c o o o o o z o o o z o o o z o o o
Z
3 o o o o o o o o o o o o o o o o o o o o o3 o o o o o o o o o o o o o o o o o o o o o




o o o o o o o o O o o o o o o o o o o o o3 o X X X o o o X X X o o X o X o o X X X o
U CN CN CN CN CN X
3
tr. X O o o o O X 0 \ X r- ON o p X X X p ru p p p
'»)
X X X X X X 'd r i X ro ro X r  i X X X vd ro X rd rd
Z
O z c/5 criz E .BP bû .BP .BP bû .BP .BP bû .BP .BP .BP .BP .BP .BP go .BPd 'S '$rtZ Z H H H H H H H H H H H H H H H H H H H H H
qo w W Z W W Z Z z Z Z z Z Z Z
•H X o X X o X X X X X X X o X X o o X o X X
Z
ü z z z zT z z zf z zf Z Z Z z Z Z z z Z z f Z Z
o o o o o o o o o o o o o o o o o o o o oX On CN X oo X 3 o X ON CN X X ON CN X z X
O 'r4 CN CN CN X X X X X X X 3 r- 13 z zo en
ô













































































































































































































































































































OO OO oo oo oo
oo oo oo




































































































01 •  I—u 0) 
rH UJ 






































































































































































































































































































































U J q q tû d rU

































































































E 3 EG cd cdZ 73 o o
3 O o o O O O O O O O o o 'o d 'o ’o o 'o z R z
Z z co z en en en en en Z CO en co co co co en co en z
r—






oO O O O O O O O O O O O O o o o o oZ Z z Z Z Z Z Z z Z Z z Z z z z z z z z z
<8 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
•Ai o o o
O O O O p P O O O O O O O O o o o o oM M M M M G G G
tt PQ PQ PQ PQ PQ PQ PQ PQ eQ eQ Z CQ CQ z z z z z > >H
JO p p X p oq 3 p p Tt 3 ON X p vo 3 o o X p o vqeu Tf X X X X X Tt Tt Tt X rô Tt Tt X X vd X Tt ô" vd X
P O X O o O P P X O X X O o o o p X p o vo
O 3 d X X X ON vd d d vd vd On 3 3 X vd Tt d Tt Tt vd XN Tt 3 3 3 3 3 3 3
Ea
3 o O 3 X 00 3 p 3 X 3 On X p vo 3 p o vo 3 o vo
U vd X Tt fi X (Ô •^ rô X X rô Tt Tt X X Tt Tt rô rô vd X
o o O o o O o O o O O O O o o o o o o o oX) o o o o o O o O oo O O o o o o X o o o o oeu
.3 o o o o o o o O o O O o o o o o o o o o o




o o o o o o o O o o o o o o o o o o o o o
X o CXD X o o o oo o o o o o o o o 00 en oo o o
u
z
3 o o X o oo 3 p o X 3 ON X p vo ri p o X p o p
'i,
-t X X in rô rô -t - t X X rô - f - t X '+ d in •H" ut- vd rrQ
Zo
+J t/î t/5 t/5 t/5 t/5
+J q bû bû bû bû .bû .bû bû .bp bû .bp .bp .bû .bp bû bû .bp .bp bû bû bû .bp
s
d 'S 'S 'S b: 'S s i
z Z H H H H H H H H H H H H H H H H H H H H H
qo W w W W z Z Z Z Z z z z z
•H X X X X X X X o O O O X X X X X o o o X o+J
ü
G Z z Z Z Z Z z Z Z z Z Z z z z z z z zT z zrH G o o o o o o o o o o o o o o o o o o o o o
f--^ HJ X On X oo o X oo Tt 3 o X vo ON 3 X oo Tt 3 o
O •H X Tt vo vo 3 00 OO ON CtN ON ON o o o 3
Z Z
•
3 Tt 3 3 3 3 ON o 3 X Tt X vo 3 oo ON o








































































































































































































































































































































































































































































































































































o ü ü ü o ü ü O ü G Gz Z Z Z z z z Z z Z Z
E E E E E E E Ë E Ecd 3 3 cd cd cd cd cd cd cd cd
O O O O O O O O O O G
Z Z Z Z Z z Z Z z Z Z
3 3 3 3 3 3 3 3 3 3 3
O O O O O O O O O O OM M M t-,
Z Z Z Z z Z Z Z Z Z Z
X o O O X O X o o Tf Z
a so Tf so 3 Tf X X X Tf z X
3 X o CD O X O 0\ o O Tf z
N vo O CD T t 3 X X 3 Z X3 X 3
3 3 O Z O Tf O X O O Tf X
U X T t Tf 3 X X X X Tf Z Tf
o O O O O o o o O o oJ3 o o O O O o o o o o ena
o o O o O o o o o o o3 o o O o O o o o o o o
N X X 3 X 3 X X X
3 o o O O o O o o o o oU z o z o X o o o o o z
X o o o X o X o o Tf z '
X T t X 3 T t X X X Tf z X
a c/5 y) Bl3 bû bû bû bû bû bJl bû bû bp ,bjp .bp
ja H H (2 ,2 (2 H H g H H H
f5: > > W W W z Z Zo o o O O X X X o o X
z z z Z Z Z Z z Z z Z
G o o o o o o o o o o oUJ z Tf X Tf 3 X UN 3 X
•H 3 3 X X X X X X 3 3en































































cd cd cdo G G
o o O O o o O O O o z Z Z G G G G G G G Gz z Z z z z Z Z Z z Z Z Z Z Z Z Z Z
3 3 3
E E E E E E E E E E E E E E E E
cd cd 3 3 cd cd cd cd cd o U O cd cd cd cd cd cd cd cd
O U Ü O O o O O O o G G G G G G G G
z Z Z z Z z Z Z Z z a a a Z Z Z Z Z Z Z Z
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
b: o o p
O ü G O O o O G G G G G G G G G G G
M t-, Ui t-CQ a a a a a a a a a a a a a a a a a
3 o ON Tf o 3 o X o 3 o o X Tt o Tf o X o o m
Tf X Tf X X X X Tf Tt 3 X Tf Tt Tf Tf X Tt X X Tf
O o X O o o o O O O o O O X O O O o o O O
3 o Tf 3 X 3 o X o X o o X 3 o X o o X X 3
Tf X 3 X X Tt Tf Tf X X Tf 3 3 Tf 3 3 3 Tf
Tf o ON Tf o 3 o X o O o Tf X X O 3 O o p O X
Z X X X X X Tf Tt Tf ON Tf 3 Tf X Tt d X X Tf X X
O X X X X X O O o o o O O O O o O o O o o
o o O o o o o o o z o z o Z o z O z o o en
o
o o X X X X X o o o o o o o o o o o o o o
o X X X o o o o o o o o o o o o o o o o u
o o X X X o o o o X o o o X X o X X X X o
o o X X X X o o o o o o o o o o o o o o o
(-) X z X o o z o o o z X o o o X X X z en 1/5
3 3
3 o On Tt o 3 o X o o o o X X o X o o p p 3
Tf X Tf X X X X Tf Tf ON X X Tf X Tt Tt Tf 3 X X Tf







.BP .BP .BiJ bû
%
.BiJ .BP bû .BP bû
' i 1 .BP bû bû .BPH H H H H H H H H H H H H H H H H H H H H
w W W W W Z Z Z z Z Z Z
X o X X X X X X X X X o o o X o X X X X en
Z z z Z zl zr Z Z Z zT z zT Z zT zT zT zf Z zT zf Z
o o o o o X X o X o o o o o o en en o o a a
SD X Tf 3 X X ON 3 X z 3 o X X ON (H
3 3 3 X X X Tf Tf Tf X X X X X X 3




























































































Oo oo oooo oo ooo00 oo oo oo oo
oooo oo oo oooo oooo oo













































































































































































































































































































Q) •  
r H  CD 
r H  H-> 

























































































aj o 'o 'o 'o 'o O 'o O 'o O o O '6 ’o O o 'o O 'o ‘o o
E-I co CO 00 CO co CO 00 CJO en co co en en en en en en en en en en
1—' E E E E Ë E E E E E E E E E 3 E E Ert 3 cd cd cd cd 3 cd cd cd cd cd cd cd cd ci ci cd cd cd cd
O O O O O O O O O O O O O O O O O O O O O
'C
3
P P P P P P P p P p p P P P P P P P P P P
T3 0: 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
3d g:
Tj CJ O O O O O O O O O O O O O o O O O O O O Ot-4 H H 1-,




»—\ CD O q q ON O 3- q q q O O O o O q O O ro q vo
p Tt C3N Tt Tt rd vo rd Tt Tt o NO vo cd NO ro Tt ro od cd Tt 3-’Pi Tt
O q q q vo q q q o q o o q O q q o vo q O




■ü CDq q q oq q q q q q Tt q q q q vo q en q q




CDo o CD CD CD CD o o o o o O O O O O o O o o
•S P CDCD CDCD O CD CD o o o vo o O o o o o CD o o voP "T r-< '—' '—' "-T "-T '-T TT TT TT TT TT 'T* TT
S
X
.3 O CD CDO O CD o O o o o o O o O o o O O O o
co CDCD CDo CD CD CD o o o O o o o o o o o o o o





CDCD CDCD o O CD O o O o O O o O O o CD O O O
3 VOCD CDCD O O O vo vo vo o vo vo o o o vo vo o vo O
U CN ro TT tT TT TT CN TT T-' TT CN TT TT TT TT TT
m
.3
W en q CD q q ONCD q q q o o o o q q q o en q q
Z
'u C.
Tf cd Tt Tt rd •n rd Tt Tf- Tt Tt I/o cd NO ro Tt ro od rd Tt vd
E* Po Or.t) p c/5 05 V) 'sCiC/J p q 6/) .E' m 60 .e Ej •E^ •E'
'd j i? s: b: ü 'S T: î? is is is V V is
i
cop H H H H H H H H H H H H H H H H H H H H H
3o U P P W P W W P P p P P•r- vo CD vo CD vo o vo o vo o vo O vo vo vo vo vo vo o o vo
o zTzT z Z z Z^ z' z" Z Z z zf zf z z zf z zf Z Z zf
CDCD o CD CD CD CD o o o o o o o o CDo o o o o




<v 1CN ro Tt vo NO 3- 00 0 \ O *—1 CNro Tt vo NO 3- ON O *—i CJTT TT TT TT TT CJ CN CN
237





























































































































































- p  3  f-t E
cd  r HP P
















































(U •  







































































































































































































O00O OCNro Oro OOnr H  (D
ooooO -H 
O CO









































































O G O O O G G ' g , 11 G G G o G G G
E -i 0 0 OO CrO C/3 O O OO C O c /3 ' o G ' o OO 0 0 C O c /3 0 0 0 0 o o
1— E E E E E E E E 0 0 0 0 C /J E E E E E E E• H 3 3 3 3 3 3 3 3 E g g 3 3 3 3 3 3 3
O O O O O O G G G G G G G G G G
C J U K -l K-1 G G G U l J
C 3 3 3 3 3 3 3
i - J f - 1 _ l
3 3 3 3 3 3
2 : > . > . > ,
o O , O P O G G G E CD G G G G G G G GH H H Lh u
c e
C Q C û CQ CQ CQ C Q CQ C Q ü Ü Ü CQ CQ C Q C Q ÛQ CÛ CÛ
m l O v o O p v o v o O o v o O p O O v o O O v o
X I d r - v d r o (ON v d r o v d v d r d v d T}-
Cl ,
o p v o o p O O O p o O o o p p O p O
H
O
C m f— 1 r ^ ON N t O N v o v d v o r o v ô ( N d d v o d v d




O p o o P O o o p VO O v o O p v o v o O p
3 d v o ( N 3 f - O N v o v d r d v d l > n - o 6
U
o o o O O o o o o o O o o o o o o O
m m v o o o v o v o v o v o v o o v o v o v o v o o v o v o
CL,
x :
O O o o o o o o o o o o o o o O O o
3 o o v o v o o o o o o o o O o o o O O o




o O o O o o o o O O o O O o O O O O
3 o O O o o o o o O v o o v o v o o v o v o O v o
U ( N r o ( N
s :
c/ O p O o p o o o p O o o p p O O p p
> n ifO v d T l- ON I / o v d m r o I/O N t v o r o T i ­ r o
Oh
O
- p en en en
■ P q 61) • 2 P . S P . S P • £ P .S P
6 0 .S P . S P . S P . 2 P 6 0 • S P . S P
6 0 6 0 . . S P . M
a r H ' S ' i " S
CH CH H H H H H H H H H H H H H H H H H H
C
G W W W W P J W W W
• H O v o o o v o v o v o v o v o v o v o v o v o v o v o v o o O
- P
ü
Z z Z Z Z z z z z z z Z z z Z z Z z To o o o o o o o o o o o o o o o o o
4 J ON ( N v o 0 0 Tf- r - O r o X C A ( N v o 0 0 r o X
»r"4 <7n O o o ( N ( N CN C N r o r o r o Tj- v o v o
O c o
t J - v o X r ~ 0 0 0 \ o G ) r o Tj- v o X o o o CN r o





















































' o ’0 ‘0
Cû Cû Cû
, E E E
(U 3 3
Pr G G Go o o O o o o O o o o o o G G G Z Z Z









3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 G G G
3 3 o O O O o O o O O O o O G G O O u.rtO 3O hJ K-l Kq q^ q^ kJ q^ q^ q^ q^ q^ q^ CQ CQ CQ
U u 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 5:
L id G G G
o ■ O O O O O O O O O O O O G G G G
C4 IZ H t-, q (U (Un: CQ PQ PQ 03 OQ 03 03 CQ 03 03 CQ m CQ m CQ 00 > > >
p p p p p p p p Nt O p X O p O o O X p 0 p
X
P
ON vd Tf ro ON X T}- x i Tf Tf X X X oô vd vô d d tJ-
& P p p P p P p P o P O X o o p p O p p p 03 d d d oô vd X d d vd d x i X X V) T}- d X Z d d x iN ro (N m Tt" X XI (N X ( N vo X XI X
E
P ,
p p p p p P o p O p p p O p O O O VI p 0 p
3 x i 00 m T|- rd ON vd tJ- rd Tj- t}- X rd X oô vd vd d d tJ-CJ
o o O O O O o o O o o o O o o o O o 0 0 0
i n m m o o o o o o o o O o O o O o o o 0 0 0CH
X O O O o o o o o o o O o O o o o o o 0 0 03 O o o o O o o o o o o o o o o o o o 0 0 0N m m o ( N VI X X X X X X X X X X o X XI X n X
S
p ,P
O O o O o O o o O o o o o o o o o o 0 0 03 o O o o o o o o o o o o o o o o o o 0 0 0CJ ( N ( N ( N
X
t/3 O p o p o o o p o p p X o p o o o X p p p
vd Tf- >d Nt rd ON vd Tf- rd Nt Tf X X X o o vd X d Tf- d t|-
P
O
X tn-H q •HP .SP .SP .£P .2P .SP • £P .SP .2P 6 0 .2P .bp .bp .2P 6 0 6 0 • 6 p 6 0 .SP . b p .SP
rH
P P H H H H H H H H H H H H H H H H H H H H H
qo W e u p q p q pq C H p q pq e u pq pq Z W W
■H m o m o m X o o X X X X X X X o o X 0 0 0
-P
U Z Z Z Z Z z Z Z Z z z z Z Z z Z Z Z Z Z Z
r - eu o o o o o o o o o o o o o o o o o o 0 0 0
f— 4-> ro X (N ro X ON (N X 00 t J- o X vo ON n X 0 0 Tf
O •H XI X X X X- X X oo 00 ON (0\ ON ON o O 0o CO
•
XJ T t X * XI X Tf X X X oo O XI X Tf X vo X 0 0































r H r H
cr, t—1
c o














' o ‘ o ‘ o ' o o o ' o ' o ' o ' o ’ o o ' o o
C O C O C O C O C O C O z z z z z z z z
r"
H E E E E E E E q E E E E g
o 3 3 3 3 3 3 3 3 3 3 3 3 3 3
C ) o o o o o o o o o o o o o o
- a
Z Z z z z z z z z z z z z z
3 3 3 3 3 3 3 3 3 3 3 3 3 3
O O o o o o o o o o o o o oc, c, c, c, c,
03 CÛ CQ CQ m z z z z z z z z z z
o O p o o o o o p o o o p o
X3 X NO T}- X NO X rd X d NO NO NO tJ- NO
z
h o O p p o o o o p p o o o p3 X X Tt- d NO X NO X d d X NO (X) CN
N —1 r—l '— ' X X X '—'
E
CL
o o p o o o o X p o o o o o
3 rd NO Tt X NO X NO X d NO NC5 NO NO NO
u
O o o o o o o o o o o o o o
X) o o o o o o o o o o o X o o
Z
.3 o o o o o o o o o o o o o o
3 o o o o o o o o o o o o o o





o o o o o o o o o o o o o o
3 o o o o o o o X o o o X X o
U X
.3
a o o p o o o o o p o o p p p
X NO 3t- X NO X X X d NO NO Tf Tf NO
Ch
o 00 on V) on
4J 3 bO .bp . E J .bp bn .bp bn .b() .b'* .b»)




CH H H H H H H H H H H H H H H
c w z z z z z z zo o o z o o X o o X o o X o
4U> '—1 »—H o " 3
Ü z z z >p z z z z z z z z z zo o o o’o o o o o o o o o o
X o X NO ON X X z X o NO X
X X X X X X X Tf- Tj- Tf X X NO
C 3 X
1
ON o X X Tf- X NO X o o ON o X T f
g X T t-




























































































































































































































po •4-> -p 3p mfij X 
p  p H
bfjg .bfiH bi)g bûg .bp .bp3
3O
•H-po 0) • 
X  OJ 
X  H-> 
































































1-, t—t «—1 1—^
C o 'o ‘o 'o o 'o3C z z z z z z3
S 0) E E E E Ep 3 3 3 3 3 3O O O o O o zp O o o o o z Z o o o z z z z o o o o o o o3 Z z z z z z z z z z z z z z zf—' 3 3 3 3 3 3
tn •H E E E E E E E E g E E E E Eo 3 3 3 3 3 O O 3 3 3 O o O o 3 3 3 3 3 3 3'iZ c J O O O o O o O O Ui o o o O O o o
3T3 Z z z z z Z Z z z z Z z Z z z z z z Z z z
3 3 3 3 3 3 3 g 3 3 3 3 3 3 3xJ O , ^ _oO O O O O O O o o o o O O o ou H l-lo Z Z Z z Z > Z Z z > > z z z Z Z z zÛ)Xt—1 o p o ON o O o o X X o NO X X NO o X o X X NOoCJ 3 vd Ti- X X d X d d d X X d TE X X d oi d tÊ X XP
CD p o X p p p p p X o p o p o p X p X o o
Hrq 3 d d X ON d d d d X X X tÊ X tÊ z d X d X oôN X X X NO X TE tE TE Ol NO X X
Ëp






o o o o o o o o o O o o o o o o o o O o o
■S 3 o o o o o o o o o o o X X X o X o o o X o
vj P oQPX
Ul .3 o o o o o o o o o o o o o o o o o o o o o
U1 3 o o o o o o o o o o o o o o o o o o o o oN X o X X X o o X o X X o X X X X X o X X Xo Q '—' X ’—'w Pp Pen
O o o o o o o o o o o o o o o o o o o o o
3 o X X X o X o o o o X X X o X X o o z o o
U "H X X X PI OJ X X "-H
ex)
3zi M o p o (7\ o o o o X X o tE o z NO p X p X p p
Z vd Tt- X X d X d d TE r i X TE X o6 X TE o i d TE X X
E* t.H
r j O
frJ p t/J ent/J P E t>0 .BP .bp .bp .bp .bp .bp .bp .bp .bp .bp .bp .bp .bp .bp .bp ûO .bp
lî V ? b: i? if if if
P HP H H H H H H H H H H H H H H H H H 1- H H H
E*
3O Sâ: W W w Z W W z
•r- o X X X X X X X X o X X X X X X X X X X o
c Z Z z Z Z z Z Z Z Z Z Z z z z z Z Z Z z z3 o o o o o o o o o o o o o o o o o o o o o
X ON Nt NO Os X ON X X X o X NO ers X X z tE
o •H X X X X Th NO X X z oo os ON <Os ON o o o
M o Z
zp
X X z X X TE X tE X oo ers o X X tE X NO X z












































'o o O 'o 'o 'g 'o 'o G G 'o G G Gz z z z z z z z Z Z Z Z Z Z
r— ■H E E E E E E E E E E E E E EO 3 3 3 3 3 3 3 3 3 3 3 3 3 3C J O O O O O G G G G G G G G G
z z Z Z Z Z Z Z Z Z Z Z Z Z
3 3 3 3 3 3 3 3 3 3 3 3 3
f:O O O O G G G G G G G G G G1-,rd ÇQ Z Z Z Z Z Z Z Z Z Z Z Z Z
NO X ION O X Z X p X O) TE O p O
z NO X Ncd NO NO CN d tÊ d tE ON NO (ON Xz
h O p o p O P p o p X X P P pq
o
3 CN d X d X tÊ d d d NO X d d XN X X X X X ’—1 X X '—' X X X
ez
3 OO p p o X 1—1 o o p P p tE p p
U o6 d TÊ NO NO ri X o6 X (N X X NO X
o o o O O o O o o O o O O oz X X X o X o X o X X o o X oZ C'^l X
.3 o o o o O o o o o o o o O o




o o o o o o o o o O o O O o3 o o o o X X o o o z X z o oU X X X X
x:t/J Tf o p o p tE o p p X X p p p“I. TE X tE NO X TE X X TE NO NO X
'u'L
Lho en en en
4J q •2P .%) .%) .E' b/J .BP b/j bf) bO bO .Bl^
H ul > if B: 'S ‘i ScCZ Z H H H H H H H H H H H H H H
C Z Z z Z Z Z Z Z Zo X X X X o X X X X X X X X
4^ I—fü Z z Z z Z Z z Z Z Z Z Z Z Zo o o o o o o o o o o o o oX o X NO ON o X 00 TE o X NO XC^l X X X X X X TE TE X X X NO
O U1
o X X tE X NO X z o 1 X TE


















































































































































































































































































































































'o "o O o G G G z z G ‘o 'o '6 '6 'o 'o 'o 'o 'o G G
EH z z z z z z Z Z z z z z z z z z z Z Z3 q
t— s 3 3 E E E E E E E E E E E E E E E E3 3 3 3 3 3 3 G G 3 3 3 3 3 3 3 3 3 3 3 3O O O O o G G G G G G G G G G G G G G GC) Z z Z z z z Z z z Z Z Z z Z Z z z Z Z Z Z
"d 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3_p _p
O p O o G G G G G G G G G G G G G G Gc c t-i t-
cd Z Z Z z z Z Z > Z Z Z Z Z Z z z Z Z Z Z
o o p p p p O o X O p X (J) p p p o O O O O
jp X X X X X tÊ X X Tj- X X X r—4 tÊ X TÊ X X X X NO
Z
h o o o o o p o o o o o X X p o p o o o o oq 3 X X X X X d X X X X z X NO d X d X X On ON ri
N rJ r—' r-l X r—' X X X X X X XI
e
CL
o p o o o o o o X o p X NO p p p o o O X tE
3 NO d X X X z NO NO X X X X tÊ X tÊ X X X ' <X
U
O o o o o o o o o o o o o o o o o o o o o
J3 o o o o o o o o X o o X X o o o o o O o o
Z X




o O o o o o o o o o o o O o o o o o o o o3 o o o o o o o o X o o X o o o o o o o X zU X X X X X X X
s:en o o o o o p o o o o z X X p p p o p p p p-L X X X X X TE X X X X X r i TE X tÊ X X X X NO
Ch
O (/I en if. if
-P q % 3 b/) bO bl) bf) .SP .Bi> .SP bO.bp bJj bf) .bO .Bi‘ .Bi> .E)Hd l' }> S if 'B 'B b: if if 'B 'Brt
CHZ H H H H H H H z H H H Z z Z z z Z Z z z z
q z Z z Z Z w Z
o X X X X o X o X o o o o X o X X X o X
o % % z z z'' Z z z z Z^ z Z z’' Z z'' z Z Z z Z z* o o o o o o o o o o o o o o o o o o o
NO X z o X X z tE X o X NO ON X X CO TE X
• rH —4 X tE tE NO X X X Z z ON ON On ONo o o
o en
# X X NO o tE X NOz ON o C^l X tE X NO X OO ON


































































X 'o 'o 'o 'o 'o 'o 'o o 'o O ’o 'o
Z z z z z z z z Z z Z z z
rH E E E E E E E E E E•H 3 3 3 3 3 3 3 3 3 3 3 3O o O O o o O O O O O O OL3 z Z z z z Z z z z Z Z Z
"d 3 3 3 3 3 3 3 3 3 3 3 3
O O O o o O O O O O O OH H H H t-cOrd Z Z Z z z Z Z Z Z Z Z z
JD O p p o p o o O p o O o
Z ND tÊ X X d X X X TE nÔ NO NO
h O p p o p O o p p O o oq 3 d d X X d X X X d NO NO NDrq N X X r—' X
eCL
CL
q o o p X O p o o p O o O
U NO oô X X X TE X rd TE NO NO NO
o o o o o o o O o O o O
X) o o o o o O o o O O o o
z
,3 o o o o o O o o O o o o3 o o o o o O o o O o o o




q o o o o o O o o O o o o
u o o o X X 00 o o O o o orJ
.3a> o p p o p o o o o o p o




+a q .bp .bp .b{) .E» .bp .bp .bp bp OU bU £P ^u
q l!' ÏS > > B V Bet
CH
r H
Z H H H H H H H H H H H H
ao W Z w W Z
•r— X X X X X X X O X X o o
+>
o Z Z z z Z Z Z z Z z' z z
o o o o o o o o o o o o
o X NO ON o T E X o X ND ON
X X X X X t E T E T E X X X X
o z
< o X I X T E X o o ON O X X













































































































































































































































































q pen z o u ü o ü o o o o o o o o O G G G G o o oan z z z z z z z z z z z z z z Z Z Z z z z z3 f—' E E E E E E E E E q E E E E E E E E E £ Etu 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3C O O o O O q o O o O O o o o G G G G O o G
•C z z z Z z Z z z z z Z z z z Z Z Z z Z z zq
•q •d c c q c c c q q q c q q q c C q q c q
•od
q p o •O o o o o o o o o o o o o G G G G G o Gu, u Uh
p cr z z z z z z z Z z z z z z Z Z Z Z Z Z z Z
ü0)X1—4 p p p p p p o X X o o o o o O X O p o o O
CJ zz NO NO -
NO TE TE NO X X X X X X oô oô X X tÊ X X (X
p p p p p p p p o o o o o p p X o o o o o




P q o o p o o o o TE X o o o o o O P o X O o o
O U NO oô NO NO oô NO X X X X X d X oô X X X X X rd
-q;
•2 O o O o o o O O o o o o o o O o o o o o Oq z o X O o o o o o X o o o o o O o o o o o o
S z I—' I—' I—' r—' r—' r—' I—' r—' r—' ’—' ’—' '—' ’—'
X




o o o o o o o o o o o o o o o o o o o o oq o o o o X o o o X o o o o X o o o z o o o
U X X X X X
oX z
W eu o p p o p p o X o o o o o o o X o p o o o
Z NO Tj- d tE TE NO ri X X X X X oô oô X X TE X X X
a* Zen oCi) p en en tn en enUJ p q tu .bp 00 .g) M .bp .W) .bp bO .bj) .bp .bj) bl) M .M bO .BP bO .bp bO





z H H H H H H H H H H H H H H H H H H H H H
qn W W w W W W w Z w W z Z
•H o o X X o X O X o o o X X X X X X X X X XPcd40 ü z z Z Z z z z Z Z Z z z Z Z z z z Z Z z ”^ Z
fO o o o o o o o o o o o o o o o o o o o o otE o o X z X oo tE X o en z ON Ci X o X NO
O •H X OI X z z z X X oo Z oo ON On ON On O o X X r4
W
CJ en
z X oo o o X X z X oo ON o X X tE X X o X
an s X X X X X X X X en en en en X X X TE TE TE
q
R





































— 1— t — 1 ^ -4 —, T—H — ,
o O O O O o o O O O oen en en en en en en en en en en
r —
•H G E E S E E S E E EÜ 3 3 3 3 3 3 3 3 3 3 3C3 O O O O O O O O O O O
i-d z Z Z Z z z z Z z Z z
c 3 c c 3 3 3 3 3 3 cJd
o O o o O O O O O O o1-,CQ z Z z z Z Z Z Z Z Z z
O O p o o TE p O O p X
z d d d d o\ X tÊ X X X XZ
h p o p p O O p O o o XCl 3 d d d d X X d X X X X
N X X X TE X X
e
CL
o o p o O tE p o o p TE
q d d d d ON X TE X X X TEU X
o o o o O O o o o o O
XJ o o o o O cc O o o o O
z
.3 o o o o o o O o o o Oc o o o o o o O o o o o




o o o O o o o o o o oq o o o O o oo o o o o XU X
Z
(U
IL o o p o o o p o p p X









Z H H H H H H H H H H H
3
O Z Z Z Z Z Z
•r X o O X X X o o o X o+a
U Z Z Z Z z Z z z Z Z Z
o o o o o o o o o o o
ON X X 00 TE X o X NO X
31 X X X tE TE tE X X X NO
O en
C X tE X NO X oo ON o X tE










































































































































































































































































































































































o ! o O







































































































X  X  

















































































H H H H H
fcU
'B






















































o  I o
X  X
o  i O

















































































































































0) •  






















































































































































































































































































































































































































































































3 O o o o o O O o o o o o o o o O o O o o oU X X X X X X X X X X X X X X X X X X X
(U p Qj QJ q q q
E 3 E E E E_o _o _o _g
o o o o o o "o
0, Û Q Q Q Q Q O
z z z z z z zbn 3 3 3 3 3 3 3
X 3 3 3 3 3 3 3
<u OJ QJ QJ q q q
,— z Z Z z Z z Z
-H < < < < < < < o o o o o 'o 'o o o ‘o 'o o 'o 'o
Ü
3 3 3 3 3 3 3
03 oo CO CO 03 CO CO 03 03 CO 03 CO U J CO
O O O O O O O E E E E E E E E E E E ■E E E
«y <u <u QJ QJ q 3 3 3 3 3 3 3 3 3 3 3 3 . 3 3
O o o o o o O o o O o o o o
•id <ul-l QJ QJ q q q q U nJ hJ r-J J hJ m J J uU hJ J m J h J
o _CJ q q _q _ q q z TO TO TO TD t3 z TO z z z z Z z
3 3 2 3 3 3 3 q q q q q q q q q q q q q q
u u u u u u u Cd Cd Cd Cd Cd Cd Cd Cd Cd Cd Cd Cd Cd Cd
Z q z 0 0 X 00 X X C l ON X O ON X X ON q 00 X X
z c^i X X On q ’ oo X ON X X On d z X ON q X X q X q
q X z Z z ON z 00 ON q X o o X X q z ON X X 00
p
CJ 3 2 Os z q X —i ON q X X X z X X z OO q On q 2 X




3 X X X X X ON 00 o 1—H X X z X X X q X On X
u X X X z q X • q q q X X X X 00 X q ON X q z
X X z X q q X z X X o q q o X X z z X X Xz q X X X q X q X q X X X X o X X X ON X X
z X X X
.3 o z z q X 00 z X z z o z X X z z z q o q o
3 X X X X X o X 00 oo z o 00 z X X X X q o X




X X q ON X o o X q X X X q X o oo X X 00 o o
3 X z q X z X z z oo oo X X X z X X 00 X oo o o
U
z z X 00 q X X 00 X ON X X o X X X o
(f. X z q X *—I r—U C"; q oo o z X oo ON oo X X ON ON ON X
u'
q " q X X d X q z q X z q q q q X X X in q z
Lu
O
p V) dîx en en in
P E oo .SP 00 .SP bO .SP bO b« bl) bO .SP .SP .SP bO bO SP .SP .SP SP
d 'B 'B 'B 'B 'B 'B 'B 'B 'B 'B i f ? 'Bd
z Z H H H H H H H H H H H H H H H H H H H H H
3
o Z CU W UJ UJ W UJ UJ W UJ
•H X X o X O X X o X X o X X X X X X X o XP X
Ü
e / j e/J e / j 03 03 UJ 03 03 oo cd co" 03 cd" cd' cd cd 03 cd cd cd cd
o o 00 O O o o o o o o X o o o o ON o o o o
z ON X OO o q X o X z ON X q 00 X X o X z
o •H X X X X X X X q q q X X X z z zq UJ
« "3" r - O X z On X X 00 q X o X z O n X X oo q


















































































P  G  
P








































OJ O o o o o o o o o o o o o o o O o o o o oN X X X X X X X X X X X X X X X X X X X X
app
3 o o o o o o o o o o O o o o o o o o o o oU X X X X X X X X X X X X X X X X X X X X X
2 q q q q q q q
E E E E g E E2 2 _oo O 2 2 O 2 2
G Q Q Q Q Û O Q Q
p z z Z z z z z zjn 3 3 3 3 3 3
P c G G G G C Gq q








Co co GO E E E E E E, E E E E E E E
-a q q q q q q q q 3 3 3 3 3 3 3 3 3 3 3 3 3O O O O O O O O O O O O O
Lid q qM 2 ï q 2 qL-, 2 kJ u u u u p i p l p l p l p | p | p | p 1u q _o o j j q _q _q q Z z z z z z z z z Z Z Z zo 2 3 3 3 2 3 3 2 q q q q q q q q q q q q q
CQ U U U U U U CJ U Cd Cd Cd Cd Cd Cd Cd Cd Cd Cd Cd Cd Cd
XJ q q q z X X X 00 o Z q X ON X X oo O o Oeu ri X X ri X q X X ri X Z X X q ri X X ri X X X




3 X X X z os X o X os q X X ON z X q 00 X z 00 X
U ri ri ri ri ri X X ri ri ri ri q ri q ri ri X
X ) X X X o 00 q o q ON o X q X X X o 00 X ON X X
P X X X X o X ON X X ON o X ON o ON X ON On
X X
.G z q z z z o 00 00 O X X X o X O X q o X q qG 00 X o 00 00 X 00 00 o 00 q X X q X q X 00 q-n. N 1—' X X X ’—' X X X X X X q X
app
3 o X z o X o X X 00 z z o z X oo X q o X X XU z z X X q X X X z q z X ON 00 X X oo o oo o oX
z
UJ 00 X oo os oo ON oo z 00 o X ON oo ON o z q oo o
X q q z X X X oo o z o '—' X z q q z
1j
X q ri q X X q ri q X X X X X ri X r i X ri X
po en en en en dî. î f_p bii b/j bJO .SP .SP bü .SP b/j bO .S i' bxj biJ .SP .SP .SP .E ' bO .E' .EP bf)
H 'B 'B 'B 'B 'B 'B 'B 'B 'Bd
P
p
P H H H H H H H H H H H H H H H H H H H H H
G
O
•H W W W W eu eu eu eu eu eu eu eu eu eu eu eu
P o X X X X o o o X X o X X X X X X X X o X
G • en OJ OJ en OJ OJ en en of en of of of of of Oj' of of of of ofP G o o o 00 o o o CD o o o o o o o o o o o o oP X z Os X 00 q X o X z ON X X oo q z o XOO P03 X X X X X X X q q q X X X z z
















































































z Oo G •






























































o o o o o O o o o o
!
o o o o o o o O o o oX X X X X X X X X X X X X X X X X X X X
o O o o o o o o O o o o o o o o o o o o oX X X X X X X X X X X X X X X XI X X X X X
o o O O o o o o o o o o o o o o o o o o oX X X X X X X X X X X X X X X X X X X X X
q q q q q q q q
F. F G P F PO o O o o O o O
O o O o o o o O
Û Q Q Q Q Q Q Q
z z z z z z z z3 3 3 3 3 3 3 3G G G G G C G
q q q q q q q qZ Z z Z Z Z Z Z













O P F p F F F G F F F p F
q q q q q q q 3 3 3 3 u 3 3 3 3 3 3 3 3O O O q q q q q q q q oq q q q q q qq q Z h4 z p 1 1—1 H-l U W H-l J H_l
q u q q q q q q "O T3 z z z z z z Z z z z z3 3 3 3 q q q q q q q q q q q q
U U U U U U U U Cd Qd Cd Cd Qd Cd Qd Cd Qd Qd Cd Qd Qd
X q z q O z 00 X X X q z X X X X X O X X
X X X X q X X X X X X q X X X q X X X q X
X o X ON X X o z z q X X X X — X X) X X q
ON q 00 X X q o X q X X q q X q q X oô X q X
q On X X X q o z oo 00 o X X 00 X X o o X q
X X X X X X X X X X X X X X X X
z CO z X z 00 X X X z q z z X X o z q q o
X X X X On 00 ON ON X ON ON X X X X X oo X
q Z q o 00 O X z o X 00 X X oo z z o q z o X
X X oo o oo X X X X oo X X X 00 X q (ON o X
r 4 X q q (H X
00 o X oo 00 O X q o o o o X X z z X X X X 00z z ON z X q z q z ON oo o oo X z ou 00 oo z -H X
X o X ON z q X o 00 q X z z q o q X z X — ,z X ON ON ON X X X o X X X X q q ON X oo X
m X X X X X X X X X r  1 X X X X r  1 q X X X X
en en en en
tu tu tu tu bû bû bû bû bû bû bû bû bû .E' • E' bû bû •E' ■E' bû
sr b: =ï if ff if
H H H H H H H H H H H H H H H H H H H H H
fTl X W W PJ eu eu eu eu eu
X X o o X X O X X X X X o o X X X X X
en en en en en en en en en cd co" cd cd cd cd cd cd cd cd cdo o o o o o o o o o o o o oo p X o o o oz X X 00 X z o X z oo X q oo q o X XX X X X X X X q q q z X z z z
















































































































































r-l G X 4^  





































































































































rH -»>O -HO M
O
















































































c/3 C o O o O O O o o o o CD O CD CD o CD O o O CDN o O m o o n e n o n o n e n o n o n m m m m m m m m m
Eî
P
G o o O o O O O O O CD O O CD O o CD CD CD o O
u o n o n m o n e n e n e n e n e n o n o n m m m m m m m m m
0 0 0 0 0 0 0
G G G G G_o O _ g _ q _o _o _o
O 'o o o O O O
0 Û Q û Û Û Û Q
îr 13 P 3 X X X X X XG G c i G c i G c i
G G G G G G G
F £ g 0 0 0 0 0 0 0r— G3 X X X G3 X X o O O o o O o•H
O ”o " ô "o "o < < < < < < <
on on on on on on on
0 ] Q Q Q Q GO GO GO GO GO Co GO SG SG EG EG EG EG G
'•'Ü X x > X X 0 0 0 0 0 0 0 O O O O O O O 0 0
• V 03 03 03 03 0 0 0 0 0 0 0 p p P p P p P 0 0g g £ p03
G G 5 O 0 0 _ 0 _ 0 _ 0 1 3 1 3 1 3 1 3 1 3 1 3 1 3 0 j j
00 c/3 t/3 (/) cc3 c i G G G G G 0 0 0 0 0 0 0 G GH H H H U U U U U U U P P qc P P P P U U
_o o q 0 0 00 G ; NO CD f n COv NO C0\ (ON m C l O m C ' C '
P NO CD m G" o n (D c i n- c i c i e n CN c i NO T(-
O NO CN G " NO CD n - e n C0\ CD 0C3 o C3N 0 0 m e n C ; C l
G cK i n ON I > e n G " NO o n o n n - m «—H e n O ' i t CD PN i j - e n
G
P
( n O n NO G " e n G " NO NO o n NO CN «—1 CD CN CN CD ON e n m
G
u
G " G " (N CN en CN G " en c i CN e n CN -if" CN CN e n e n CN oô
G " : G" O m C l f n G" o o CD e n n- oo o O m o C3N n- CDr- o n in o NO NO NO CD o n NO CN n- m o CD CN o OO CN OP (N
•G o m o e n O O G- CD e n o n O o m m OO C l 00 CD o O
G o NO m O C l CD t n n * m CD m CN 0 0 NO o m m mN G " en m e n fN CN ( n C l CN C l CN o c-
BP4
P
O G - NO NO O ■G- NO CN t n CN e n m en NO O CN en O
G O oo o n ON e n (ON ON COn (ON c- CN CD e n ON ON CN CN NO n- O
U CN
G
U) o ON O n - ON (N CD C - n - C l O C l e n 0 0 NO m NO
n NO e n m NO en CD C ^ C~ « n CD '—' m C l m ecj CD ■if
r  i c i c i c i c i c i n - c i f n c i c i e n c i c i c i c i en e n
P
O p c/3 t/3 C/3P q bO b(j bf) bn bC) bO bf) bO b/j bf) bf) bf) bf) bf) bf) bf) bf) bf) bf) bf)
H ICI > ïs i? iï > i? -ïfVp p H H H H H H H H H H H H H H H H H H H H
C
•r- W W W W W U P U
P m m o o n e n e n o n CD o n e n CD m m m m O m m m o
03 c l
r - 0 o d o n on on on on on o n o n o n o n on on o n o n o n on c / f on o n
r-^ 43 o o o o o o o o o o o o o o o o o o o o
m NO ON e n 0 0 o G " o m C3N CN m o n - o NO CN m
P c o CN CN CN e n m e n n - n - m m NO NO C~ c -
C 4 m NO (N G " o o e n c - o n * 0 0 NO o i t m ON


















































































G o O O o o CD o O o O CD o o O o O oU m m m m m m m m m vo oo oo oo oo oo oo oo
0 0 0 0 0 0
G S g S
_q _o _o _o _o
o "o o o o O
03 Q Q Û Q Q Q
P 0 0 X X3 X X P3 XG G G G G G
tr-i G G G G G G0 0 0 0 0 0
r— X X X G3 X o o o o o O o
•H "o "o < < < < < <
en en en en en en en
o; Q Q GO GO GO GO GO GO EG EG EG G EG EG EG-y X _o 0 0 0 0 0 0 O O O O O O O 0 00 0 0 0 0 0 0 0 p p p p p p P 0g 1-. i-i
o G G j j O 0 0 j j 0 "G T3 T3 t3 13 13 13 0 0o to to 13 G G G G G 0 0 0 0 0 0 0 G Gp H H U U U U U U oc: cd P: P P P P U U
_o C] NO r - NO n G" ON 00 ON <30 m rn
P r i i t CN r i c i ro rd NO rd rd
& G en NO n- n 00 0C3 C; G" NO CD NO C3N C'o N tn CD m ro r i G" NO ro CD G- i f od CN
p
Ci,p
G n- C; H n- C' CN m C3N ro CN ro C4 00 Cl o C' OO
U r i tn (N rd CN CN (N CN CN CN rd CN CN NO CN
ri m m O n- ■Nf m NO CD m O 00 O oo OO r-
X NO ij- m m CN m n- m O G" 00 o o Cl oo <3N
p
.G O oo O O n 00 00 n O CD CD O o o o O CDG ON n m O oo NO n uo 00 O o oo r-- O 00N n n m '—' n n ro 00 it
ap.p
o O (N (N CN m n O CD NO m ro G" ro o oG r- m ON r - ON r- o C3n oo ON NO C- r~ If
U
Xto NO r- OO ri O o o r- G" oo NO ro 00
■«•r. m m ro G" '—'o '—1C3N '—^ G; rq OO o I/o ON 1f
rn rd ro rd rd rn r  i r  i r  i N’ ro if rd oo rd rd
(«4
O tn tn y)
G M bO bO bfl .M b/3 .g) bO b/3 t/3 b/3 b/3 b/3 b/3
H G ' % V ' S ’i "5 ' Setp P H H H H H H H H H H H H H H H H H
c:G
■H W W P p
P m m m CD m m m m o m oo O oo oo oo o o
O03 • en en en en en en en en en en en en e/f en en" en en
o o o o o o o o O o o o o o o o o
On n oo n- o ro oo 00 it ro <3N oo
O 03 CN CN r-i ro ro G" G" oo oo NO NO
C m 00 m r- O n- ON m ON G" C' ON r- CI NO oo
































































c/3 o o o O o CD o CD O O O o CD O o O O O o o O
N
o o o O en en en en en en en o en en en en en en en en en
Eî
P
G o o o o O CD o CD O O O O O o O O O O O o OU m m m en en en en en en en en en en en en en en en en en en
0 0 0 0 0
E E E
_o o O o
"o 'o "o O "o
d) Q Q Q Q Op. 0 0 0 0 X) X rg X X
E4 G G G G GG G G G Gg g g g 0 0 ■0 0 01—' X3 _Q X X X O O O O O o O O O o o•H
Ü "Ô "o "o "o 0 < < < < <
en en en en en en en en en en en


































01-, 0 0 0H 0)-i
p p P p p p p P p P P
o G G G G 0 0 0 0 0 0 •G •G "G •G ■G XJ ■G ■G G G Gen tn tn tn G G G G G 0 0 0 0 0 0 0 0 0 0 0ce H H H H p U U U U U P P P P P p P P P P P
i f C' r- CD 00 o NO ON NO ro ON r- OC) C3N ON NO 00 OC) t--
X3 I f 00 NO I f en , ^ oô en oô NO ON i f oô NO CD en NO l f r i l f enP
i f 1f r - GO CD rq r  I ON rJ NO r- rq tq ro n rq en NO
G CD oô oô en P ON G" NO r—t I f oô en CD l f ro rd lf




G m I f en O r-4 O o oo NO ON ,—4 ON If en NO en en
U r i 00 i f CN en i f CN I f rd ro P rd CN CD ro NO nÔ en l f en
r - o NO C^l en O en en en O en i f G" r 1 NO r- r- O O O
X n Os ro n CN r~ O ON CN ro CN OO (N If ON ON CJN en o CDp
X G" 1f en en i f O ON NO O CD ro O CD O O 00 If NO ro r^ l fG os m oo NO en CN NO en NO en en en C^l 1f 00 00 NO l f en




CN en If NO o I f en en CD CD 00 NO O 00 O O NO O o NO
G r - en oo r- o 00 ON f - CD r- NO r~ en o r- CD o ro o o ONU ro CN ro
x ;(d i f m Os in O r 1 NO ro 00 00 00 Os i f C'­ en en i f ro oo r -
m NO Os ro O O NO ro NO r  1 '—1 os oq i f en •q oo NO 'n l'­
'u L m n- n-' ro en en l f en I f en ro i f en p NO P l f in I f en
P
O p to 2Î
P q ■Si^ bn bn .%) .Sf pn .Bÿ b/3 b/3 b/3 b/3 .SI' .2!) .21' .2P .2f b/3 .21' .E'
oj
ni i i 'S b: '$ iî is g 'S
P P H H H H H H H H H H H H H H H H H H H H H
P
o P P W W P U U P P P P•rH m m o o O o o en o en en en en en en en o o o en CDP
O en" en" en" en en" en en en" en" en" en" en" en en" en" en" en" en" en" en" en"
o (D en o o o o o en o o o 00 o o o o CD o o o
m NO en CN en 00 NO ON ro NO ON oo ro o ro NO (N en
o •H r t CN CN CN ro ro ro i f i f en en NO NO NO r- r-
CD CO
• "<f r~ O en NO On en CX3 i f o NO C3N CN oo i f o ro
g CN CN ro ro ro If i f ■'(f en en NO NO r- r -
26N
X) oo oo oo om o o O O O OLT) IT) m lo m m iD
Oo oo oo oo o Om O oo o om

























ON oq 00 NO
ro
rq
r I rori ro
























o o oo o oOO•H mOo











































































































































































































































































































































































































































































































































rH  G 
rH 4-> 

























































































































































o ! o- o o 
un un m un
O
un
O O O o O 
























































































































































































































































































































































































































































































































































































































P  G 




































































































































































iH  4-> 
O -H 
O  CO











































































































































































































r “ T - T
175




























































































































































































































































































-p q tu ie


































































































o o  oX X X oX o  o  oX X X OX OX OX







































































. s:c.o CQLtl -7.;







































































































































































































































































































































a l  03
a  UJ






































































































































































































































a  eu 



























































































































0) • a  0) 
a  UJ











































































r-( 03a  UJ






































































































































































































X üX 01 •





































































































Tj- a  01a  UJ











































































































































































a  qq iv 

































































































































































0) • a  m 
a  -a  






























X  ! X
o I o
X  X



























































































































î  !10 tn





















































































































































































a  eu a  U) 








































































































oun o: om: in
^ 8 .
0 ( o


















































i n 0) •
T t 1-1 0)
r d  d-»
O 'rd
































































































































































































































































































































O  ; o  o  I un OO OO





O O O O 
ro I rJ






























































































































r^ im r- i 00 ro ' ro








































VO I r" oo ! oo 
ro 1 04 04 ' 04
OO ooom
ooro

























O O i  0 0  0 , 0 0 0 0 0





O  OI O  I O  O  Oi o
O  Oi O i o  o  o; or  1 r  1 m m r-il r—' r-n
o I o 
m  I m in in I in
O
in O  i O  I O' o  o  in m  in I in in Om om
O
On










O  i O  :00
00
ooo  oON I 0\ oo oo ooin ' m  I o  Or- I O  I in oor I O r  I 00Xj-
o' O  : in 

































































o  o  o  om irii m 1/1 oDh m o  I m
r/J
S  O o |  o |  o | o i o i o , oj o'j o ' ° ;  °  — —< r-1 r-i ro; r-r. r-il on r-, ^  i i
Oi o  oly-) I iT) ir
U,
O O Olo m uo Om O, oi o| O  o; o  oLo m mi m io| m o  o  Oin V-) I vn O  O I o! iy~) ' un un Iun
O
(u;
oo 00 i oo oo co ; oo I oo
Oi o: 00




04 rn  m  ' 
r n , r i  r i '
rn  un ■ 001 rn  ! 00 ; 
m , m  ! n  ‘ rn  I r  i i nm  i
\o i \x' \o : MD : — 
n i  ! rn  I uni rn
o \, MD! r r  
vOi un ! rn  !
0 | °0 ,: 
n  ooO
a ,
rn^ o v  rn^ md i rn  i 
un, rn  i rn  —< ; uni
'O  O  I o  
un o  1 oo
un o  I O ,  O i  O ;  O ! O  
r -  MD O i  O i  MD O I  O
O o»vn Ooo o00X)PL, oMD OO




un' un un 
rn i r -  i n
u ,
OO  00 





OO rirnOo On o oo 00 oo
r i
oo
r iun rnr irn
.5^ ü/jt/.üij ùi) ou ti: ouou ouL/J
LU


































0 . 0  om  IT) vn O  O; O  O  O  O  O  O  OL O  l O  lo I  l o  lo l O  L o i  L O ,  lO
o o 0 , 0  Oi O. O  o : O
O  O  OI O  o; LO, LO LO ! LOD ro r P C J — I ! I
O : O, O t O O I 
L O  i L O  I L O  ! L O  L O  I
O
OO i OO 1 CO 0 0 i co
oo 1 0 0 co co
X)
o  ' T3 ' T3 ; "O








0  I O O I <3L L/o
01 ; o Tf ro r-



























t u tut u t u  t ut ut u01



































CL, o  O : o o o o o o o o o o ' om I m m in i n ; i n ,
0 : 0 0  O
o i  o  oLO 1 O lo o  o  o  Im m I m i
O
XU ' _o 00 . GO i c/5 CO CO c/5 CO ! CO I CO CO
o  ' o  -a ■ o ' " a , ’0  ’t3{-a , 'c3 T3
^  I











ro ' O  in 1 m O VO 
r I
oo o\






t/j0/) I bij I 00 to 00 0000 0000
OJ




















OOC4 oro O OOVOVO 04 ro
298
o! O; o, Oi o  O  O  o  om V-) iT)I m o  o  o  o  o  ■ olo i lo lo m lo i lo
(Il o  ! o  .o  I o
o  1 o  I o  i loro r -1 i —'
o, 0 , 0 1  o
lo ! lO 1 lo lO o  o  olo ; lo ' lo
o  I o  
o  I lo olo olO O O : O I O : Olo lO lo . lo lO o  ; o  o  j o  ! o  ! olO 1 lO I lO ; lO I LO I LO
O
GO ' c/] I (/]co co ' co co co
co
T3 ' X! -O t3 T3 , T3 ! t3
LO LO I LO I O^ . lO
04 ro I Tj- I LO LO-O
04 00 OL OO . 00
ro
r |  oo o^ 
04 1 ro ro
O
0_ o o  I 00 n  uo ro
O  1 O  I ro 
LO ro O  I I/O
O  ! O  I O OO O r Ioo
r I r i
p.
00 , o  
OL o


































X) I o o o Cu o o i m O; o. o om m, LT) lo o o o om un I m , m
(/] O I 
° !
o o o| 0| o o o 0 , 0  
o  O l un un un' un un : un, un
O j  ri| I j ! I
o o oun : un; un O 1 O ; O un un I un O o oun un I un I
o; O O o un I o 1 un un
O






cr\ O^  j
o o I o I
00 C'I o ' o . un ' o  I O ' O m  o  X  un I 
I On ; o  o  CT\ ' r  I I 0 0  I o  1
Tj- co oCN I CN 00
^  I o  un ! oc ' o  , oc I oo' un I r  1 : ■ ■—' , '
or>00 ! O  ■ O  1 i Xo o  1 o  1 ; O O  ; Tj- Ooo XI o I c^i<N oc I T-, I oo 00 Oc I  oo
o 00
X) ! ro 
ro t ro





OX (Oc ro X  ' ro 00
ro i ro ! r  1 roro
C /J C /Jc/) c/j! C/J, C/J C /JC/JU)
o ^j W i W ^  O O O o oo o oono o ooo un un I
,| J CO co 
co co o oo  un ! X  00











co : co co
o X j o
T-< I Tf o




X00ro roX  oc (N oc(N ro
300
X)i Ol o; O- O, O O O 0 ,0cu IT) IT) I IT)i m  ir>i lo m m i mi
(/}
Oi o ;  o :  0 |  Ol 0 |  Oi o '  o  O j ini ml m, m, m m , m m
O O o i  O oj  Ol m m I m ; m m , m
o
X ) ! Æ  I X)
X )  X )  I X 3
I X3 I XI X5l x> X)
I I 1 r3 r t  cdXd! C ‘ C! C C C
X ) ; X ) I X) ' X ) X)
U
' .^1
m I m I ro o\ VO
CO 00! oo 
O v  I  m  ;  ro
! — 11 ro , ro _ r-i (N
O
1% c \
' ro I VO ro (N
O IO ,X3 oo : O CU r i ; o
.n




CO 00 m—' ■ o o
















00 IVO ov roCl
301
’.n
o I o I o : o o I o ;lo I >o ! iT) m un I in :O  un
O O I O un un un un I un vn un I un i un un
O
JD  ■ -D  ; ^  I
42 I 42 , 42 , 42
jO I 42 , 42 , 42
m
en






00 i un : \o
r  I
00un I M2 
xf rn I rn
00
On oq I rq 
r  \ i M2M2



















o o ' o ! o : o Ol/l iT) I I in m i m O 0 : 0  o om ir» j m i in 10
r-(
O 0 0 0  l/n m m m O
u ,
0 0 0  m m m m I 10 m m m
O
^ X) I Æ ! X) -Q
X I X X ! X ! Xtfj
X  X





(N I r i^ m  r-i
Oo£ ON i


















r Ir I 
rrj ro














o 0.0LT) I m I loCh O  : O  ' O  m I m ; iT)
O . o o i o o ! o lo in o , o m m
n ,
0 , 0 0  ‘O un I o
! n
oo 0  I o ■0 1  O I
o
a , JD . _0 I J3 ! X)
- 9  ' -P i
rH
00 i C h  o o
00 ! \0 Ch I \0 Ch .
o , I vo 1 o  , 









ai ai ^o I o fN





X) o  o  O;
CI4 IT) in I U3| 0 0 0U-) 10 ; in
§ ;  § 0 1 o  0 0 0  o  O: O  O' u o ] i/n m  i n ' 1 0 : 1 0  m  u n , un  i
u,




JO ! X>1 J O \  J 3  X)
c j I c3 ca I KJ c3 i C3 r t X ’ X  X j




m ' m j un : m n  r  1
r r un j o ,
O I l> i
C \  C'I un G\ M 00
^  I  ( N  r J
X  • un I ; o un (NI un ; o cl 1 ' *—' 00










C /J l  t ( Jbl)
OJ













-Q Ol o O ' Ol O O 
Cu I uo, uo. uo I uoi uoj uo
O}
ol Oi O o| O, o; 
uo uo uo UO' uo i uo I
o: o o o ! o 1 o
r-J ' —I i —'





Q; Q; Qi Ûj Q: û ,
X)| -Q' -D; JO' jo!
(U I (U ' (Ujd| X) joJ3< Xi| X)
(U •
U;
O^  oo ro
r-1 ' C'I r-1 <
o I oo —<^1 
r- uo I i
00
C L









oco co coTj- o o
CN ! uo  00













o  x  r-.
un I X  X X o
£ X
X I o  O
r i  I ro X
r4 i Ol Ol
o  (O o  oq:
Oi x! X T|-| X 
unj uq X
O!
O '  o |O'! X
o
0-. o  cq, oJ 
x1 Xi o  0-"
Tf X o
oo'I O ; o'!
O  O ' O  O  O i O  O
X  o i l  u n i  r J  X  X  Tj-
O  i O O Oo  o  00 o
0 - 0 0  o  o













O  I O  I O  j o  
vn I X I X I o
OJ
0  oX Ol
01 Ol
o oO X CN CN
0 I o01 o oCN
CN
ooCN



























X oX CN CNCN
ooo X 00XX Xr i
307
T3
CO ! c/:i on o o  o o  0 0  CO 0 0  CO CO o o , 0 0  o o  CO CO, CO ' 0 0 00 co; CO
C:
O
OQ QQ, CQ. CQi CQ:CQ CÛ!
\o I lo o
r-l o oo Os as
MQ in in o\ 0 ^ 0
r- r- r-' (ON co\ m
O l o l O ( ( - - l  O  VO O  m O  O  O  vo 
I in  m ! ro : in  o  O  in  m m, vo, I ^  in : ro Tj- ro ro, m  cn (n ; 1
O; CZx in , Tf C3
r^i' l ml CO o I Tf
cNl O'); CN ) m  ! ro
SO' m^  (-) rJi (N o
rOj oo r<y <^ Ji o' - -
m  ^ Os^  n-i 1 
r-l ccC con';
(7\
O s O s  oo
o o I o ; o! oi o; in I m m ! m, m, m, O' Oi o; o o' o ml m. m m m m O , O' o i o o o o  ; Ol m l m m ! m O O m m
o o l o l o  o o o oO  O  I O l Ol O l Ol o, oO  o  m OOI m oo m m
Oi Ol o 
O; O  O oo oooo
ooo
o o o o ro oo
O O I o' O CN m O  O  
(N (N CN| CN
O l O  O  O












o OO O O O o o oo o o o o o oo o o o
O] o o
r-l O  ro00 | ON (3N












MD VO I O






00 O -^ M D j^ lO  O O 




o I o 
























CD I CD O 
















































CO CO CO CO CO CO i CO












o  I 00 r ;
oo Xl- VO
o o ; o o
00 ! O  in  o "
ro I (N i m  (N
m o o













I m CM 








Oo om O I oo o o o oo om om om
o I o o ; o o O 0 , 0  m  m  m  Tj-
ooo
oom






























t o+-> so t o to
U J






















00OCO oM3 CM CM m








ON I VO lo
o  i o  ! lo o  I o
' ro vo lo 1 NO





00 I CN Tj- ^








OC^ I VO NO 






roON uo CD : uooo o
o  1 o  i oouo o  o  o  1 uo ouo ouo o  o  uo uoo oo o oouo uo I uo
oo
ooro
oo o  o  1 o  o  o  o  uo 1 uo j uo
oouo
o  o  o  I o  
uo o
o  I CD 
















NOp CD oo ro
uo
bû






































CN ! O  I NO O  i oo
o
CO
MQ j O  I 00
o 'j  0 0  I o
JO
Cu
oin om o  o  I O  i o  ooo I O  i Ol i O  O





O  Ol i in 












o  o  















































bn bO bn bnbn



































CO CO CO CO ' CO CO
CO CO I CO CO
IX) X)
T 3  '
X  i X  I X
o\ in
od o\
(3 j (3 ; <3 
in 1 O in 
m I ro CN
m O
C3 ! (3 





oom  o  i oo 00









o  o  
m m
o o  I o  




O O I o
o  o  o








o  I o
































































in in in  in \  in ooi coi in in  \ in  \ in in  in  , in in
xJ




Ol o VO I xt- o  ; VO I VO ^  
ov j vn i / o j  lo i  in  I oo
O
(N(N
o  : m  I o  oO o  I O l o  







O^  O j (3 
Ov I O oo o
O  in ! 00 —I





























ol o  




























o o o o oo o o o o oo o oo o o oo o•H-p



















GO 00 0000 00 1 00 c/3 OO i 00 1 oo oo
o o00 ' 1 ! NO
00 I oo I ON0-,
o o







O I O I O lo  , lo  i moo O  O  ! O  I O  I OI T )  I T )  I  o n  i  o n  I  1 / 1Oo omOon Oon oon
O Oo I o
on ! on
O Oo o 
on on




















































































CO CO CO CO
CO CO:60
Æ I JO
U : "O j T3 ,X) X ; X  i ( Uwl
CO) CQ
CD i CD I CN 
lo I CO , ro
CN
oo"
ro O 00 ! CD .CD , CD, ro 








(N I CD 





















Om I o I m I in
CN
CD O 





O  O  CD I CD I CD 
0 ) 0  0 1 0 , 0  
O  I m CD I OO I O










Lt1 O O 
OO o CN
Oo oo O I o O  I o
CN ^
































































cn I m O-O
Oh
o  o  o
o '  r o  O




r -  I o o O  I o
o O 03 ; O


















om O 1 m i m j in m
(N
O O
o  ! o  




O  O  i O  ' o  o
O  O  O  I o  o















O  I o  
m  I o o
o  I o  o
i n  I O  O




































lO o o o r  I
id
SÛ fcODO DODO










































CO CO CO tn I CO CO ; CO I CO CO CO
X!
CQ CO
t> ! 00 ■ o ‘ r-










O  I (3 
in O
o ! o t O ' o
O  I O  I in i in04 I ’—' '—' I '—'
OOO O  ! O OO
CM
O I o oo ! o o
oo m 00
o ■ o 
O I o m i o
ooo
o o o o
O  in
o i o 1 o oo o 1 o I o
in I 00  oo j in
O 1 o o ! o 
































CVj rH  .1, P-.
































GO I CO ; 00






m o  m
r i^ ; r )  , ro
o  Jo i o l o i o  o i o  o
O  O  i O . O j O  O i O  | 0£ o o  I O I o
,.c
o  1 o
O ! m
O O O I O oo o  o
CJ
o



















o oo o o o o o o o oo o o o ooo o
o  o  om CO —<
—I ■—I C^J





o oo on o00oro n
O CO







0| o' O' 
in ' in CO
CO ! CO CO I CO 1 CO CO
COi CO CO CO j CO CO CO, COOh
•a
o oi
in  I VO inj
O  i ri
VO I in
in C) O p
! in I o' VO
(N I r-l 1 ro : <N
o  ■ ol  
ro i in
—‘ Ol
O m  I m  ' VO in VO I m
O  O '  0 0 ' 0 \ I oo . 0 4 ON VOoo O' , 00
oo 8 8 o o o o ooo I o ; o' o
o o o o 





o o o o o
i n  i n  m  ' m  I i n
o ; o




O  : O  
























































Oif O lIf rororo inro 00Ifoo(N roro
320
(/J
0 l 0 l 0 | 0‘ o o  o  o  o  o
\ ir> \ in'- in \  m  in  i n  i n  i n  in , in in
Ol
Oi
(D CO CO CO 
r-- COOh VÛ m ; cn :
CO I O O (O
CO 1 LD r - ' ir?  o '
C'l r^ l ' ro ' ro ro
O p:
oo in 
Tf, C'l O 1 CO j in
O P. 
O i O ' m
»n p  p
<—I, 00’ m
m O I O
CM r  I , 00 oc I CO CO
O I o 
o o
O O col Ol oi o' 











o l c o ;  O i  o  




p lo p o





0| Oi o o
in o in m






































































Ol O! O 
cn\ u~i. inOl Oi o I o Oi o! o o ' Ol o 
col cnl cOj en! cxj c/î; oo eo; cni eo
c
o o m o o m'O'io o o 0 : 0  o o:
o o o I o ; o ;o  , in
lo Ol
0 :0 ' Oi
v n  T f  i m O en I inm (N
ol oooJ3c-, o o ! o o ooo  I o
U1 o l o o oo o 1 oen en i m





O I o e n  o 


















nj I—I X ei-H
Oo oo o o o o o oo o o o o o o oo ooX)
r o
e n












r IOeO Oo\Or o O l
MD o00 VO
ri
ro e n oo04
322
■a
CO c/3 I CO
CO j  CO CO CO COI COi col C/01 CO
O  ■ O  ' O /  o :  oo- 
m  m  r  r
o; o: oj
Ol CO! oi O








O I O ' O ■ O I o 
CO , o 1 o ; o o
o
o| 2i  2  oO i O CO
o o 2 0  o
O o cnCO o  I ro
O O
oO I oCO CO CO i CO ; CO I CO 1 CO
OJ














bO bû bûbû bû bû bû bûbû

























o O : O : o o,  o < O ' O l  O j  o o ' Ol o! oi




O O O' lo" o
•o ! O n ro I O n ; ! CO
o ;
o o 
o ! co 
ro o c o | co o! O lNO I 1 C'l I ro' CN
° ' O O
O  I Os! NO
Oo 0  i o o01 Ol oo I co i o
o o o o o 1 co




o o o o 
co co
O o o o
CN CN



























oûcû 00 oo 00 0000 00








































CO i CO , C/3 ’ C/2 I CO COI CO j c o l  CO CO CO' COCO 1 CO I CO
J3| O o o o 1 o in o o
mr \o':
in o  I o  I Oi o•'  ^ I «4 .-VC" I (N in o l  m
' j C'l
O J O  in j O ,  O
i n  O l  r i  i n |  i r
r)| m, r-i* c^ii
o m o m, m! o| r-,r • . r. . f. rl
I \ o  r -  c ^ j  o \  j c o i  i n j
m O
oo ooo o o o o o o oo  O l  o oo 1 o ;
2 ' 2 ! 2oooo o o oo o o







































o o o o oo o oo o o o o o o oo o o o o
r - l  03 
r H  P  










00 o o oo
CO n C 'l




Oi  o  o  O: '  O l  O '  O  O !  o  o  o ,  o  o  O l  o l  o l  o i  o
en. 00 en c/5; COi co, co. co, coi co ; CO' co co co! co col COi co
c/j
I—I ; )—1 i 1—J ;
—I
o  o  o  o  o  o  o  en ' o o
o en; o ! mm O  i o  i o  I o
£
oo o oo oo oo oo ooo o
o 1 oo 1 o o 1 om —I
o  o  o
o  o  oen in ^
o  o  
o  I o  en enc )
oen OenO  O  oen  1 o  O
I—I c  1 n-i







































CO!cO(cO COjCO|CO COjCO CO CO COj c/3 CO, CO ! co c/3 CO CO! c/3
t/j
cq‘
A I P, P ! P PD-( I lO : tn Tj- ! CO
O ' O ' O : O O O
O O O o' O  O l  ol O
vn I l o  O  CO O  O  : l o i  O
CN i 0 4  (^4 (N  CN 0 4  ' 0 3  : 04 04U,
l> , CO
O' o o oo oo oo oo oo
o I o O I o
CO CO
0 I o! o o o
01 O' O  I O  I o
COi CO CO c n  I CO



























































CO I CO CO CO, CO CO CO' (/] i CO' CO ' COC/j CO ; CO j CO
•
O'
o o VO O o o 
m  I ro VO ro ro
_o
oo oo o ‘ o o o oo o o
O '  O l  O l O .  0 ( 0  0
O j  O l  O j O j  O  I o oi n '  in i in I in m  m  Tf








































































ooooo O t o o ori ! cj o o r  I o orio
ooin
o ! o oo i o o 



















































oo ro m r I











o  I o  I (3
O I O Om I lo I in
oo
r>
o o o 











o oo o o o o o o
















rz:| .X ra ; I r;;iOi o o Oj O: Oi o;
to; in in in co; co : co ! CO CO , CO
CO I CO I cn ! m i in
o :  O'o  o o  ‘ o  ;
o '  o '  
cT o
0 ) 1  CN
0 ,0  O I O O ' O 
O  ' O  ! cn ! o  cn O
O  cri in
VO , I> :
O
o
o l  Oi O  O  I O  I o  







O l O '  o  o  ; o  ! o




































oo o oo o o o o oo o o oo o o o o o o























VO CN r - l
00 oOv r i r o cn o o o





in in in in, in- in\ inin', mi in m, m m' ml ml ooi
CQ '
o o
o O O , Of
O  i OOi
■ oo j O
o o o I o o 1 o oo o o O I o oo ooO  I o
o ooun
ooO ; oi OO I o o
oo
r - l
o o o o
u n  I O  u n  I O
















^ w o oo oo o oo o o o o o oo o o o o o o■r-i
o00o






















OO C/], OO I o o  ! OO 1 OO I OO: CO 00; 0O| o o OO oo o o  I o o 00
C3 ■
X )
O ; O' o ’ O' O  
ro I m  I on ■ lo) ^
o o' O  O' p ! p 
oo VO I OO ' oo ' oo
O I o O I o
C 'l 1 0 4
O ! O
00 i O  o o l o ' o o  o^jooj O
01 ; ro : OU Ol i Ol — ' | Oil o4O l
OO I oo O  oo ' O  Ol O  O  O  oi oo O
O
O
o, o: o o: o lo  o 'o i  o o
O , O  : O  O  j O  O  Ol O', o' o oo 001o Q
ol o p o
Tj- : VO
o o o o I oi o 
oo oo
o o o
O O 1 o
oo VD I oo
O O 













































































CO CO : CO i CO co; CO; CO, CO CO CO, CO ; CO ; CO CO CO i CO




Oi Oi O  
OI rf
r  1 1 CN ' r ^ j C^l
O  I O  , ON j NO 00




























































CDCD CD CD CD CDCD CD CD CD CD CDCD CD CD CD CD CD OCD CD
CD
ro

















o I o i o t O: o o
co I co ' co: CO: co coco i co 1 co co co ! co co, coi co co
Clc
o l o !  om : o  ' O  ' O  O' O  O
en m  eo v£> inm vo m MD \o
O! O' O  ' O' O  O' O; Ol O
o !  o l  O  O: en"; o |  in j  d {  d
r)' ri; oT m  r-i! m. ri! m  ni
o  I o  
d I d
ri m
O  M  I o
MD j en , Tf-
O  ! O  I O  ; o  ' en ! O  
d  I d  ! en , d  j r  i ! en
oo en o  O  O  ri en Or. r» r. r> rv' ., r- ON n  MD r-, r-i o\
o
oo  o  oo  n  o
0  I o i  o  ' o l  o  o l  o l  o
01 Ol o ,  o i  o  o  o i  o
o
o
o  o  
o  o  
"et! en
o  o  
o  o
MD e n
O  O  I O  1 OO O I O j O

































































































o o o o o §18































r - l  0) 




















































o I ri C4 ro —>. ri 04 0 0  'cf ri o riro 1 O 4 c l C I C I c l C I r—I i r—< i f—1 r 1 i—T O '  , VO • O  rrj, —'1 Cl ro
VO I o o  I C ' l  VO I VO VO I C ' l  VO
ro
C 1
ro , ro ; c-j I Cl
VO ' C l I ov . VO 
I r—' I Cl I






p c c 1 1
> O o "O TD %3 03 1 03 03 03 03 03 03 03 03 03 03 1 1
L O 3 3 c 3 3 c c 3 3 c 3 3 3 ■ 1r3 03 03 03 a CO 3 3 3 ' 3 3 3 3 ■ 1Q cn cn cn cn cn cn on cn cn cn cn cn cn cn. j 1
c X) 3 3 P 3 3 c c 3 3 3 3 c 3 3 j
' J (U ! 1
E C O P O 1 o O o o O O O O o P o . 1 •1-, t-r 1-, 1- 1-, ■ 1(/5 1/5 PQ PQ PQ ! PQ PQ PQ PQ PQ PQ DQ PQ DQ DQ ’•A H H I
CJ 03 X •3 03 "O 03 03 03 03 03 03 03 03 03 1o (U (U OJ 1). (U (U OJ aj (U d> (U <u QJ QJ ' .
H H pp; P< OP pp; OP qp DP PP DP DP (DP DP DP j i ;





PU o' VO 00 r- ■vt C'": 00 O O PI VOO VOCl oo O ! j 1ro 1













N ro o O PI o" o o o r- VOo o 00 1 1 ie
p. cr ro C4 (N ro PI PI, PI Cl 1 !





u VO VO ■vt ro"
r




O o o o o o o
,
O o O o o o o o o
! 1
!
Pu O VO O C4 o o O! O VOC-l PI o o 1CV| PI C'l ro PJ (N ro ro P4 PI Cl 1 1
c
l:
3 o o o o
j
1
o 1 o o o o O o o (3 o o
j
N o o o VO o o r- o o O O 1 O O o oF3 VO VO VO VO VOPI PI (N PI VO VOro ro VO VOClPr -------P, -------- r -
■
3 O o o O VOO o O o O O O O O o o
u O rs o o o o PI (N o r—* o <3
-C
VO o oo^ C' (3 o o (3 ■Of- (3 o O p •of
VO VO ro VO VO■^ VO o" ■oF ro P-" VOCN of- ■ofV '
P.
o c/5
UJ .2? UJ fcO 60 60 .2? .2i^ .2i^ .2? 6JQ 60 .2? Uj _6lj
p p 'i 'i 'i
nj 1—1 H H H H H H H H H H H H H H H HP-i P-.
C
o Z cn cn Z Z cn Z Z cn cn cn cn cn cn cn cn
o o o VOo o o o o o o o o o o o
OJ • p-T pi pi pi pi pi pi PU pi' pi pi PJr-l 0) Z PJ W o o o o o o o o o o o o(—4-t-» PJ o o o PI VO00 C' o Ov Cl VO■vt VO VOoCO•HUJ o ro VOOv Cl Cl ro ro ■^ ■vf VO VO p-
o ■vj- VO00 ov PI ro VO o 00 Ov CN oo VOPI CN (N PI ro ro ■vj- vo
337
r I ro • oo r ) r 1 oo VO o
1—I I—I r Im
r  I 00
oo ro I ro ro r~i' ro
O
ON
T D j - a  - o  I T 3 I " O  j " o |  'O  T D | % ] '
LO LO i LO LO C /] ' ' LO L O ' L O i LO ÙO L O i  C /]U j
PQ




O Om m I o
n
o  ; o  o  I o  




o o . o
o o o I o I oo i o o i m
r i «o I LO . ro '
o









































o ooo o o o o
r-i (U 






















00 , m I ri rn ro 1 ro r-l I r i  ro r i  o o  r 11 ri CO 00' ro rI  OO' ror 4 , Ol ! ro r  i r  i : ro ■
O  1 (N
ON I
o 001 r 1, r I o ; NO, r I 
^  I «  oo
to




CO I CO I OO ' CO ' CO CO




ro ; 0 ( 0  I cn
rs I m I ON ri '
o t l - 1  CO NO; ro ' ' cn m ! NO' : '—' ’ C 'l
00 ro o ; 00 CN j O j  




o m I 00 I o I o ON I o 00 I NO r-oo o ' 00  , oom I cn Tj- O  NO O  NO 




































o o o o o
o
NO





NO C lC l c n
00
r o
00 C l ro
(N ro
339
in ! 00 VO ' \o








GOo 00 i n  .
m
ON
O  0 4
m 1 o-
O I o O Ov 
O  oo























o  oo oo ■. o \ 
—' r  1 n  , n m
C/J
co, o 00 ; r -  i oo I md
"O
On I ON 
00 I c O j ON i I i r j !  i /T  ‘O  o
o
On
C/J C/J C/J 1 C/J C/J ! C/J
C/J, c/j' co, co C/J ; C/J C/J









(Oco : r o ' NO j 
ro I NO I  co I£
CN
(^4
^ o ' 00r-j., NO j i> j o
(N ; o ' ro
rx
(3
r -  i CD , r -4 ro
No^  I ro I r-; ro








m O o' NOoo
CTn o oro ONONO r-  i enro
<N O  O' O  (Nro CN j
O
Oro

























Oo o o oo oo o o o oo o (3 (3
(3













m 04o m ro
O 00 NO
C^4
ro ro 00
C^4 roroCN ro
